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LETTER OF TRANSMITTAL. 



Department or Labok, 
Washington, D. C, March SO, 1893. 
SiE: I haTe the honor to hfuid yoa herewith a special report relat- 
ing to the phosphate industry of the United States. 

This report has been prepared in compliance with the following reso- 
IntioD of the Senate: 

In the Senate op the United States, 

December 4, 1890. 
Resolved, That the Commiseioner of Labor is hereby directed to 
examine and report the extent of the pliosphate industry in the United 
States, the number of laborers employed, aud the opportunities for the 
employment of labor in the fiiture development of the phosphate 
deposits. 

The obstacles in the way of secnring full information have resulted 
in many delays in answering the above resolution. At the date of its 
passage the phosphate industry had not been developed to aueh an ex- 
tent in the state of Florida as to warrant very complete statistical 
information, while in South Carolina the industry had become settled 
and the conditions well known. The first attempts, therefore, to col- 
lect classified data relating to the industry were not particularly satis- 
ftict«ry. Many establishments were getting into working order, while 
others were closing up. A delay was thus unavoidable, but the delay 
resulted in far more complete information than could have been secured 
at an earlier date. As it is, this report practically brings the facts 
relating to the industry down to the first day of January of the present 
year. No effort has been made to follow along lines of other official 
reports, yet such reports have been most earefiilly studied for the pur- 
pose of corroboration and the avoidance of errors. It is true, however, 
that no other offtcial report has taken up the industry in accordan<!e 
with the exhaustive plans adopted by the Department under the reso- 
lution of the Senate. 
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6 LETTEB OP TRANSMITTAL. 

Many of the eBtablisbtuents comprehended in this report have been 
visited several times for the purpose of gaining complete information. 
All the facts relating to the cost of piodaction, mining, wages, labor, 
etc., have been secured either at the Torks themselves or at the ofBces 
of the companies managing them. Notwithstanding all this care, there 
are many omissions, bnt all such omissions are the result of the impos- 
sibility of securing fairly accurate information. On the whole, the 
report is quite foil and comprehensive, and may be relied upon as trust- 
worthy. 

The chief material, both for the text and for the statistical part of 
this report, has been collected by Gapt. James F. Tucker, a special 
agent of this Department. He has been assisted at times by Messrfi. 
Britton, Buffington, Smith, Colquitt, Taliaferro, and Durham. The 
tabulations have been in charge of Mr. G-. W. W. Hanger, chief of the 
tabulation division of the Department, and I desire to acknowledge 
Mr, Hang^s services and those of Mr, Weaver, the chief clerk of the 
Department, in the preparation of this report. 

I am, very respectfully, your obedient servant, 

OAaEOLL D. Weight, 

CommUtioner, 

The Pbesidbnt of thb Senate. 
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INTRODUCTION. 



Tte pli08pbate industry of the TTnited States is located in the states 
of iN'orth Carolina, South Carolina, Florida, and Georgia. Some miues 
have been opened in other parts of the Cnited States, but they are not 
in operation to a sufficient extent to warrant their having a place in this 
report, which covers 30 establishments in South Carolina, 1 in North 
Carolina, and 106 in Florida, or a total of 137 phosphate mining estab- 
lishments. 

The Engineering and Mining Journal, iu its issue of October 3, 1891, 
in speaking of the phosphate industry of the United States, used the 
tbllowing language: 

There is no exaggeration in the statement that few discoveries of our 
time have attracted more genersd attention than those incalculably 
vast phosphate deposits of onr Southern states, promising, as they do, 
to confer upon us as a nation the preponderating' influence over the 
entire fertilizer market. 

The fiwita collected for this report prove conclusively the truth of this 
statement, for the proportions of the growing industry are brought into 
recognized prominence. This industry is of recent estabbshment. 
Though the discovery of phosphate in South Carolina was made prior 
to the year 1867-'68, it was not until this date that the importance and 
value of the discovery was recognized and appreciated by scientific 
and business men. Following closely upon this recognition, enter- 
prise and capital laid the foundation of the present great phosphate 
mining industry, and within a very few years its growth was so marked 
as to exercise great Influence over the mineral phosphate market of 
the world. The industry at that time was but a quarter of a century 
old. The South Carolina phosphates, from their superior merits, have 
continued to grow in public favor, a statement which is proved by the 
steady increase in the annual demand. In 1868 the South Carolina 
mines produced 11,862 tons, while in 1891 they produced 572,949 tons. 
Mr. Hermann Yosa, an eminent English authority, read a paper before 
the chemical manure manufacturers in London on December 10, 1888, . 
his subject being, Our Supply of Phosphates. Prof. Sibsan, an 
English chemist, who was present and who commented upon Mr. Voss's 
paper, spoke as follows : 

With regard to the South Carolina phosphates, I am glad to hear the 
supply is not likely to diminish, for it is at present the mainstay of the 
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phosphate supply, and aa a raw phosphate it probably has greater 
merits, all aronad, than any other, chiefly because ve depend upon the 
amount of soluble phosphate which can he got from it. 

Immediately after this statement was made came the active develop- 
ment of the phosphate deposits of Florida, which had been discovered 
by Capt. J. Francis Le Baron in 1881, as stated on page 39 of this 
report. Mr. C. C. Hoyer Miller, an English gentleman connected with 
some of the largest phosphate enterprises in the United Kingdom, in a 
pamphlet, puhUshed in London in 1891, whichhe wrote for the informa- 
tion of his friends, entitled The Phosphate Fields of Florida, remarked: 

In conclusion I may add that in the course of the last few years I have 
closely examined the following phosphate fields;- viz., the Somme, 
Femes, Breteuil (Oise), and Cambri^sis deposits of northern France, the 
Mons and Liege deposits of Belgium, the Luhn phosphate mines (both 
coprolite and rock formation) of Germany, the apatite mines of Nor- 
way and Canada, and the land and river deposits of South Carolina, 
and there can be no doubt whatever that there are in Florida the most 
immense phosphate deposits ever discovered, although these deposits 
vary in area, in thickness, in quality, and in value to an extent nnpar- 
allded elsewhere. 

What Prof. Sibsan designated the mainstay of the phosphate sup- 
ply was strongly reinforced by the discovery of the Florida phosphate 
deposits, and the already strong position of the South Carolina estab- 
lishments was augmented, and an impetus was given the industiy in 
this country which has been felt wherever it exists. 

The geographical position of the phosphate deposits of South Caro- 
lina and Florida is most favorable to their successful development. 
They are not only accessible to our home markets, but also to those of 
the great commercial and agricultural nations generally. The Gulf 
states and the entire Mississippi valley, as well as the South Atlantic, 
Middle, and Eastern states, and Canada, are all accessible, both by 
sea and rail, which are facilities of the highest importance in market- 
iugtheproductof tbephospbatemines. The South Atlantic seaboard, 
the Southwest, West, and Northwest are reached through the great 
trunk Unes which bring these wide areas within commercial proximity 
to the mines themselves. Thus tlie markets of a continent are easily 
reached. A glance at a map shows the directness with which the 
producers of phosphate in the United States can reach all the great 
seaboards of other natious. Assured, therefore, of an abundant supply, 
and aided byafiivorabie geographical location, the phosphate industry 
of the United States may now be regarded as occupying an exceedingly 
■ strong position. This position is growing stronger year by year, for with 
the advent of high grade Florida rock and its cheaper production, Can- 
ada and Spain, which have produced some phosphate and had a place in 
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the phosphate market, have, owing to their inability to compete with the 
Southern states, practically dropped out of thia market, and notwith- 
standing a later discovery of phosphate in France, the Phosphate Com- 
pany of France, composed of large capitalists, said having extensive 
holdings in the French mines, have within the past year made valuable 
purchases in Florida, investing probably not less than half a million 
dollars. These men are well informed, and their action is more signifl- 
cant than any prognostications as to the duration of the profitableness 
of French phosphate mining as compared with American. 

The South Carolina pliosphate indnstry, inaugurated, as stated, in 
1867-'68, has become established, its development assured, and its pro- 
duct well known wherever commercial fertilizers are in use. The in- 
dustry in Florida, however, is not yet established, and a great many 
contradictory views exist concerning it. There has been and still is much 
glamour surrounding it. Many estimates are exceedingly optimistic, 
while some are the reverse of this. Unwise and speculative investments 
have been made in Florida, disturbing the steady development of the 
industry; but divested of the exaggerated estimates made byover- 
sanguiue men, and allowance having been made for fluctuations in 
prices and for the mistakes and omissions necessarily attendant upon 
the establishment of a new enterprise as great as this, the phosphate 
mining business, in its latest analysis, as brought out in this report, 
has shown a remarkable progress. Even among the ioesperieuced the 
failures have been few, while those who brought experience and busi- 
ness methods to the development of the industry have had almost 
phenomenal success. 

The data furnished for this report prove it to be a reasonably lucra- 
tive business; with experience will come the introduction of a better 
system and more approved methods. The machinery, most of which 
was modelled after that used in the earlier days in South Carolina, is 
being more and more adapted to the mining performed under the 
altered conditions found in Florida, the laborers employed are becoming 
better disciplined and more skilful in the performance of their duties, 
while inventive genius is at work on new appliances whenever the pro- 
cesses admit or require it. 

All these facts indicate development and improvement, and must nec- 
essarily place the business upon a still safer and more profitable basis. 
As phosphate is a staple article, like bread and meat or coal and iron, 
it must find a ready and profitable market. It is one of the chief 
essentials to all vegetable and animal life, one of the first elements 
of plant food to become exhausted, and one of the most expensive 
elements to restore to the soil. No doubt can exist, therefore, that 
the phosphate industry of the Southern states, with its miUions of 
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capital and thoosands of skilled and uaskilled workmen, is Urmly 
established as one of the leading industries of the United States, {a) 

The plan of treatment of this report is to take up the leading features 
of the industry as it exists in Florida and South Carolina. Many quo- 
tations, taken ^m works which are now rare, will be found, bot which 
are so important that it is deemed wise to reproduce them here. Fol- 
lowing the text treatment will be found the statistical results of tiie 
iuTestigation oidered by the Senate. 

In this investigation the phosphate deposits of Georgia and S'orth 
Carolina play no particular part. In the former state the only work- 
able deposit that has thus far been developed is to be found in Thomas 
county, near the Florida line, and this deposit is believed to be an off- 
shoot of the Florida deposits. The location of the deposit in Georgia 
will be found on the map showing the Florida deposits, and its char- 
acter and extent are described in connection therewith. 

The deposits of Korth Carolina are found in several counties in the 
southeastern part of the state. They are. generally of a conglomerate 
character, and, though brought into notice in 1884, they have been 
developed only to a limited extent. But one company is at present 
engaged in mining, and that in an experimental way. The results, 
however, are brought into the general statistics. 

In considering the phosphate industry of South Carolina and of Flor- 
ida, much more has been said concerning the latter than the former state. 
This is the natural result of several causes : first, the area of the phos- 
phate deposits of Florida is much greater than that of South Carolina; 
second, the number of mines in operation in Florida is 106, as shown by 
this report, while in South Carolina but 30 mines are being operated; 
and third, the conditions surrounding the industry in Florida differ in 

(tPbospliome is one of the moat uniTereally dietribiit«d of all the elementa. It 
is fouBil in al) animal aud vegetable matter, as well an in most eruptive and sedimen- 
tary rocks, Pbosnlioric acid composes over 10 per cent, of the ashes of hones, and 
in the vegetable kiu|;dom it is especially ahnndant in the seeds of plaots. Thus 
the ash of wheat contains over 49 per cent, of phosphoric acid. 

It has been eetimatrd that for each cow kept on a pasture thToti|;h the summer 
there are carried off, in veal, butter, and cheese, notices than 50 pounds of pho8pbat« 
of lime. Conseqnently, it will be seen that phospbotic acid ia one of the most 
important elements of plant food, and no soil can be productive which is deatitnte 
of it. The neceaeity of restoring phoaphoric acid to an exhausted soil hae l>eeii 
acknowledged from very ancient tiraea, though the cauae of its stimulating effect 
was unknown until a comparatively late date. In the days of tbeEomanstheeicnj- 
ments of birds from pigROu bouses and bird cages brought a high price; and Edrisi 
relates that the Arabians, as iiarly as 1164 A. D., used the guano depoaits found along 
their coast for agricultural purposes. Garcilasso de la Vega (Coinentarioe Realee, - 
lib. v., 1604) says that the PernviaikB, in the twelfth century, used theguano beds on 
their islands as fertilizers. Of such importance did they esteem the material of 
these beds that the penalty of death was imposed by the early Incas on any one 
found killing the birds that made thcae precious deposits. It was not, however, 
until the early part of tliia century, when Liebig and others showed the important 
patt flayed by phosphoric acid in vegetable life, that artificial manures came into 
nse, and it is only in tlic last 20 years that the mining of natural phosphatea, 
with their conversion into superphosphates, has assumed its present great and 
steadily inoreaaing importance.^The Mature and Origin of Deposits of Phosphate of 
Lime by B. A. F. Penrose, jr,, Bnlletiu No. 46, United Stetea Geological Survey, 1388. 
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many respects from those existing in South Carolina. The develop- 
ment of the industry in Florida is of great interest to those engaged in 
phosplmte mining in Soath Carolina, as many of the concerns in the 
latter state are interested in snch development. The phosphate indus- 
try of South Carolina, too, has probably reached its maximum propor- 
tions, and the amount of phosphate in sight is small compared with 
that in sight in Florida. At the present rate of ontpnt, the South 
CarolJTia mines will be exhausted in about 28 years from 1891, while 
iu Florida the conditions promise aQ output for a much greater length 
of time. The industry in South Carolina has been written np many 
times, and exhaustively. These reasons make it necessary to treat tho 
industry in Florida more fully than the industry in South Carolina, 
and to introduce illustrations bearing upon it. 

The value of the discovery of phosphate, from au agricultural stand- 
point, can not be overestimated. 

Previous to 1841 the principal commercial fertiliaer was bone dust, 
that being the only form of phosphate of lime then known. About 
the year 1833 Thomas Graham, a Scoteh chemist, had made a careful 
investigation into the chemical nature of phosphoric acid and phos- 
phatic salts. The result of his investigation was the widespread use of 
bone dust as a fertilizer. It was found, however, that it was necessary 
to use as much as 1,000 to 1,200 pounds per acre to secure the best re- 
sults, owing to the fact that the phosphate of lime in bones is so 
slightly soluble in water. 

In 1841 guano was introduced from the Chincha Islands of Peru. 
Because of the greater solubility of this fertilizer and the consequent 
better results obtained from its use the demand for it rapidly increased. 
At this time Llebig, the Germau chemist, discovered and f'irmulated 
the method of making soluble the phosphate of lime contained in bones 
by treating the bone dust with sulphuric acid. It was tbnnd at that 
time that 1 bushel of the bone dust dissolved in one-third its weight 
of sulphuric acid was superior to i bushels of the bone dust not so 
treated, 

The beginning of the active development of the phosphate industry 
in South Carolina in 1867 and in Florida in 1838 was most important, 
owing to the inadequate and rapidly decreasing supply of bone and 
other manures. The relation of the development of these deposits 
to agriculture and the effect that may be expected when the de- 
posits have been more fiiUy worked are so intimately connected 
that the consideration of the one leads naturally to the other. They 
came at a time when much of the best farming land was beginning to 
show the wasting effect of years of tilling without any adequate re- 
turn to the soil of that very important element of plant food, phos- 
phate of lime. Competition for the farmer has been increased by a 
growing population, and by opening up the rich and virgin lands of 
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the wMtem part of oar eonntry. Not only must he meet this in the 
markets vhere he sella bia prodnot, but also in the blriiig of labor. Im- 
proved implements hare increased the productive capacity of man, 
and now comes this great store of phosphate to increase the productive 
capacity of the laud. More fortunate still, these deposits are located 
within easy reach of the oldest agricultural centres, where the strong- 
est evidences of the impoverishment of the soil are discernible. In ad- 
dition to this, the magnitude of these deposits makes it possible to fur- 
nish an abundant supply at a low price. As the fertility of the soil is 
the essential basis of profitable farming, and as agricaltnre is one of 
the most important elements in the wealth and welfare of the nation, 
it is thought to be within the scope of this report to publish for more gen- 
eral information certain extracts aud tables having an important bear- 
ing upon the subject. 

The following interesting and instructive extracts are from The Phos- 
phates of America, by Francis Wyatt, Ph. D,, New York, 1892 : 

Sixty years ago the science of agriculture was in its infancy. Our 

frandfathers could not understand why lands once so fertile aud pro- 
uctive should show signs of approaching exhaustion. The light only 
came to us after we had studied how outdoor plants live, whence 
they obtain their food, of what elemeuts that food is composed, and 
how it is conveyed and absorbed into their organisms. lu point of 
fact, we have discovered that the manner of life in plants is very simi- 
lar to the manner of life in animals and man. They require certain 
foods in stated proportions which pass through the process of diges- 
tion; they must breathe a certain atmosphere; aud they are subject to 
the influences of heat and cold, light and darkness. 

The tissues of their bodies, like ours, are composed of carbon, hydro- 
gen, oxygen, nitrogen, asd certain mineral acids and bases, such as 
phosphoric and sulphuric acids, lime, potash, magnesia, and iron. 
Since, therefore, it is admittedly necessary for man to constantly absorb 
a sufficiency of these elements in the form of food, it follows that simi- 
lar food is required by plants for similar purposes. Having determined 
the elementary composition of plants, investigators directed their 
attention to the analysis of soils, in order to establish comparisons 
between virgin or uncultivated lands and old varieties which had long 
been tributaries to every kind of culture. It was found that in the 
former there is an abundance of most of the dominating mineral ingre- 
dients discovered io plant organisms, whereas in the latter they either 
exist only in minnt* proportions or are lacking altogether. This 
marked a most important stage in onr progress. Argument is no 
longer necessary to prove that if agriculture is to continue to be the 
oasis of national wealth and prosperity, means must be found of restor- 
ing to our soils the chief elements yearly taken away from them by the 
crops. These chief elements have been shown to be nitrogen, phos- 
phoric acid, and potash; and that they play the most important parts 
in the functions of vegetation, and are the most liable to exhaustion, ia 
proved by the following figures borrowed from an address deUvered by 
Prof H. W. Wiley at the Buffalo meeting of the American Association 
for the Advancement of Science. 
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According to this careful and painstaking chemist, the estimated 
mean annaal values of some of the agricultural products of the United 
States closely approach the following figures : 

MEAN AKHTJAL VALUES OF CERTAIN AGBICItLTORAL PEODUCTS DT THB UNITED 
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Since it is our intention to limit the scope of this work to phosphates, 
we may neglect aU other constituents of the above amoantB of ash, and 
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confine our attention to the quantity of phosphoric acid removed yearly 
from the soil in the United States. 

QDAHTITY OF PH0SP4:)KIC ACID EEMOTHD TKABLY f BOU THE SOIL DT XHB 
UNITED STATES. 
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The acreage nnder cultivation forthe.productionof the above cereals 
is estimated officially as follows: 
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The quantity of phosphoric acid per acre is, therefore, for the whole 
cereal crop, 19 i>ouud8. 

For the hay crop a similar estimate may be made of the qaantitien 
of plant food removed. The mean percentage of ash in the grasses of 
the United States 18 7.97; for timothy it is 5.88; for clover it is 6.83. 
The mean content of ash may consequently be taken at 6.89 per cent. 
The total weight of hay produced, multiplied by this number, gives 
6,201,000,000 pounds as the total weight of ash in the hay crop of the 
United States. 

For the ash of timothy the percentage of phosphoric acid is 8.42; for 
red clover, 6.74. The mean percentage of phosphoric acid in the ash 
of timothy and clover is, therefore, 7.66. 

The total weight of phosphoric acid in the hay crop is, therefore, 
468,795,600 pounds. 

The number of acres harvested in the United States is abou4; 
37,500,000, and the quantity of phosphoric acid removed per acre is, 
consequently, 12^ pounds. 

In the springtime phosphates are found in noteworthy quantities in 
young organs of plants, especially in the leaves, but the quantity 
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gradTially diiiiinishes as the plaiit approaches maturity, until when 
the blosaoins appear the pbo»ph^tes are found to have entirely quitte(l 
the leaves and accainulated in the seeds. This is the cause of that 
peculiar effect which has long puzzled farmers, that fodder cut and 
brought in after the period of maturity proves to be much less nourish- 
ing to the cattle than that cut before this period has arrived. 

Mr. BouHBingaalt, writing apoD the same subject, says: "Weperceive 
a certain constant relation between the proportions of nitrogen and 
phosphoric acid contained in foods, tliose being richest in the latter 
element which contain most nitrogen. This would appear to indicate 
that in the vegetable organization phosphates particularly cling to the 
nitrogenous principles, and that they follow the latter into the organi- 
zation of animals." The absolute necessity for the presence of phos- 
phoric acid iu the soil needs no further discussion. It is admitted on all 
hands that in its absence, vegetation, even when abundantly supplied 
with nitrogen and all other necessary elements, must come to a stand- 
still. The form in which it is assimilated is thatof phosphate, produced 
by the combination of the acid with various bases. Enormous deposits 
of phosphate, chiefly of phosphate of lime, have been and doubtless will 
continue to be discovered in every quarter of the globe ; and as, besides 
being so essential to plant life, it is the principal constituent of bones, 
we have here another proof that if by some extraordinary phenomenon 
its source were suddenly cut off' or exhausted, all vegetable and animal 
life would cease. So far back as the year 1698 a celebrated Fiench 
engineer (Vauban), writing in the Dime Koyal, said : " We have for 
a long time past been universally complaining of the falling off iu the 
quantity and quality of our crops; our farms are no longer giving us 
the returns we were accustomed to; yet few persona are taking the 
pains to examine into the causes ctf this diminution, which will become 
more and more formidable unless proper remedies are discovered and 
applied." This was a warning note, but it was not until after the 
commencement of the present century that the English farmers began 
to use crushed bones as a manure, and even then they did so in blind 
ignorance of the principles to which they owed their virtues, as is 
clearly shown by an artifile published by one of the scientific papers of 
that day (1830), in which the writer says: "We need take into no 
account the earthy matters or phosphate of lime contained in the 
bones, because as It is indestructible and insoluble it can not serve as 
a manure, even though it is plaeed in a damp soil with a combination 
of circumstances analytically stronger than any of the processes known 
to organic chemistry." A subsequent writer upon the same subject 
declares that "bones, after having undergone a certain process of 
natural fermentation, contain no more than 2 per cent, of gelatin, and 
as they derive their fertilizing power from this substance ooly^ they 
may be considered as having no value as manure." That such opinions 
as these should have prevaUed only 50 years ago seems to us all the 
more preposterous because of the gigantic strides which we have made 
since then, and because of the singular fact that even the CWuese were 
better informed than our grandfathers, inasmuch as they knew that 
the fertilizer was a mineral principle, and for many centuries have used 
burnt bones as manures. Despite the anflaggingresearches of the best 
men of the time, it was not until the year 1843 that the Duke of Bicb- 
mond, after an exhaustive series of experiments upon the soil with both * 
20616 2 
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freab and degelatinized bones, came to the coqcIusjod that they owed 
their value not to gelatin or fatty matters, but to their large percentage 
of phosphoric acid. The spaik thus emitted soon spread into a flame, 
and conclusive experiments shortly aitei- published by the illnstrious 
Boussingault set all uncertainty at rest forever. Numerous species of 
vegetables were planted in burnt sand, which was ascertained by 
analysis to contain ho trace of phosphoric acid. It was, however, made 
rich in every other element of fertility. No development of these plants 
took place until phosphate of lime had been added to the sand, bat 
after this addition their growth became flourishing. Meanwhile large 
workable deposits of mineral phosphates were already known to exist, 
they having been almost simaltaneously discovered in their respective 
countries, by Buckland in England, Bertliier in France, and Holmes in 
America; and in the course ot a lecture delivered to the British Associ- 
ation in 1845, Prof. Henalow, describing the Suffolk coprolites, suggested 
the immense valne of their application to agriculture. From this time 
may be dated the development of phosphate mining aa an industry, the 
pursuitofwhich has proved so remunerati veto capital and labor. 

Speaking of the advantage to be derived from the application of 
finely powdered raw phosphates, Dr. Wyatt says: 

Nothing of any serious moment has in fact occun-ed to modify the 
conclusions formulated in 1857 by the well-known Frenchman, De 
Molon, who, reporting on a very extensive series of trials of ground 
raw coprolite in many different departments of France, said that : " 1st. 
It might be used with advantage in clayey, schistous, granitic, and 
sandy soils rich in organic matter. 2d. If these soils were deficient in 
organic matter or had long been under cultivation, it might still be 
used in combination with animal manure, 3d. It may not be used with 
advantage in chalky or limestone soils. '^ 

Here, as it strikes us, is a taJrIy representative case where an intelli- 
gent discrimination is demanded of the farmer, and where he must 
realize that the term soluble as applied to phosphate fertilizers is an 
entirely relative one. In one portion of his lauds he may use raw phos- 
phates, and they will prove to be soluble and produce excellent results; 
In another portion, owing to different constitution of the soil, they will 
remain insoluble and the result will be nil. 

Prof. E. T. Cox, attheWashingtonmeetingof the American Associa- 
tion for the Advancement of Science, August 20, 1891, referring to the 
use of crude phosphate as a fertilizer, says : 

But why convert the pebbles into an acid phosphatel The acid 
phosphate is reverted into phosphate of iron and alumina after it is 
applied to the land, by the presence of iron and alumina that are found 
in all arable soils. It is, in my opinion, far more eeonomical for the 
farmer to apply to his land the phosphate of lime in the form of a fine 
powder than to apply the acid phosphate. 

In this case, the more phosphate of alumina it contains the better, 
as it will be more readily assimilated by the plants than reverted phos- 
phoric acid, which results from the application of superpiiQ^pfaates to 
soils contftining iron and alumina. 
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In coiinection with the foregoiug, Piof. Cox quoted from a, letter of 
Henry Wortz, Ph. D., to whom he bad submitted his paper. Dr. Wuitz 
■writes: 

What yoa say about a merely mechanical treatment, in the prepai-a- 
tiou for use of these phosphatic gravels, that is, mainly by fine com- 
minntion, meets theapprovalof my own mind, through my own reading, 
experience, and investigation in every way. The effieaey of phosphates 
as fertilizers is rationally explainable by their converHiou into poly- 
meric forms, soluble in the liquids which occnr in the soil or arise 
from the natural excretions of the radicles of plants, or from prodncts 
of plant decay. Such excrements, sua al., convert phosphates into sol- 
uble polymeric or other forms. 

Mulder claimed that these solvent or transforming agents are the 
oreaoic acids of decay, such as those called humic, ulmic, crenic, apo- 
crenic, etc. H. von Liebig, some ten years since, claimed that roots 
secret* or excrete oxalic acid, which alone, or with the ammonia of the 
soil or of the air or of both, dissolves solid phosphates. 

Gladding proved that organic salts of ammonia can completely dis- 
solve or cause to pass into solution, not only lime, but alumina and iron 
phosphates. Other chemists (as Millot) have shown that ammonia salts 
even prevent the reversion or precipitation of dissolved phosphates in 
the soil. It is undeniable that great mechanical commiuution^has 
been provf^d by numerous experiments to be almost if not quite as effi- 
cient as chemical solution in the promotion of the absorption of phos- 
phates by plant radicles. If the clayey phosphates (meaning the soft 
phosphate herein described) yon describe should really pan out 50 per 
cent., or even less, of tricalcium phosphate, with or without iron ^ud 
aluminum phosphates, its importance appears to me incalculable. The 
mass of remarkable and significant chemical facts, iu the literature of 
soils and fertilizers, has surprised me; apparently no master mind has 
yet reduced them to any available system of soil science. 
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CHAPTER I 

THE PHOSPHATE HIDVSTAT OF FLORIDA. 

Prof. Sharpies, one of the lemling New Eugland chemists, aays, in 
the Boston Herald, concerning the Florida phosphates : 

In my opinion it is the greatest indnstrial discovery that has been 
made for many years, as well in the matter of its vast extent as in that 
of its high grade of richiiesa. 

The mineral phosphate industry is still in its infancy. Interest in 
the subject was first excited by the experiments of the Dalte of Rich- 
mond in X843. He discovered that bones owed their value as afer. 
tilizer, not to their gelatine or fatty matter, as was popularly believed, 
but to their large percentage of phosphoric acid. 

In the meantime, workable deposits of mineral phosphate of lime 
were discovered, and the industrj' may be- said to date from 1845, less 
than half a century ago. The literature on the subject ia, therefore, 
meagre, thongh so far the importance of the subject has enlisted for it 
the thoughtful consideration of some of the ablcBt agricultural and sci- 
entific writers of our time. 

GEOLOGY OF THE PHOSPHATE FIELDS OF FLORIDA. 

In treating tliis subject, so important from a scientific, commercial, 
industrial, agricultural, and economic staudpoint, it has been customary 
to give at least a synopsis of the geology of the territory under con- 
sideration. 

Through the kindness of Dr. N. A. Pratt, of Jacksonville, Florida, 
we are enabled to use as a part of this report what he has written on 
the subject. 

Dr. Pratt was an associate of Prof, Francis S. Holmes of South Caro- 
lina, and with him a pioneer in the phosphate indnstry of the United 
States, having been constantly engaged a.ti a geologist, mining engin- 
eer, and chemist, either directly or indirectly, with the mining or manu- 
facture of phosphate, since he and Prof. Holmes first discovered the 
commercial value of the South Carolina deposits in 1868. 

Wliile studying the geological formations of South Carolina, with 
reference to her phosphate deposits, be was led to pursue the subject 
still further, and took up those of Florida, having the same purpose in 
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The rcsnlt of bis stadies and couclusioas was embodied in a pam- 
phlet entitled, The History of the Discovery of South Carolina Phos- 
phates, 1868. In this pamplilet he refers to the geological history of 
the formation of the peuinsula of Florida as follows: 

There was a time, very recent in geological ages, when the peninsula 
of Florida had no existence, but the Gulf Stream, after circling the 
western and northern shores of what is now the Oulf of Mexico, swept 
its silent and majestic conrse by a shorter and more direct route to the 
shores of the Oarolinas. At that titni^ its warm current and the shelv- 
ing beach of adjacent shores aftbrded peculiar facilities for the growth 
of this coral animal, which in its thousand forms flourished in its gen- 
ial waters. Unable to live at a greater depth than 40 to 60 feet, its 
branching forms rapidly spread out seaward, until at 60 feet depth no 
foothold could be obtained. Its outward progress was Umited by deep 
water and it could only grow upward toward the snrfaee of the water, 
attaining which, the outer branches farthest from the shore, luxuriant 
in the clear, uncontaminated ocean water which laved their gorgeons 
sea front, flourished aud rose in walls of living ree& to the very sur- 
face of the sea, inclosiut; in their rear a ahoal or partial lagoon or salt- 
water inland river. In this swarmed thousands of species of marine 
life — fish, shell, and coral, vertebrates, mollnscans, crustaceans, and 
radiates. All found in it a general habitat, the weaker and more 
defenceless varieties attracted by the security which the living walls of 
coral afthrded, the more voracious and stronger by the easy prey thus 
penned up and confined, apparently for their own benefit, while thou- 
sands of sea fowl frequented its lonely shores. Meanwhile, the storms 
- and waves dashing against the exposed wall of living coral cast up 
huge monsters of the deep and impaled or entangled them there, and 
breaking down the long, branching coral trees, ground down to powder 
the broken fragments or coral shell and bore and buried all in a com- 
mon grave, or, dashing them over the outer reefs, deposited the larger 
fragments above the water level orforced the finer portions into the quiet 
lagoon within, where, settling in the bottom, in a short tinie was formed 
a soft, calcareous past«, the original of our mail beds'. Gradually a 
sparse soil forms on these reetfe, scanty- vegetation takes root, soil 
accumulates, and the reefii become a series of keys or coral islands, 
separated by narrow and shallow channels or inlets connecting the 
open sea with the shoal or quiet lagoon within. While this is going 
on another reef is forming in front, and the larger rivers of the main 
bring down their burdens of light mud and sand and deposit them also 
in the open lagoon, simultaneously with the pure calcareous mud. Thus 
the lagoon gradually fills up with calcareous mud and sand, and ulti- 
mately the range of keys or islands is connected with the main by 
a low, swampy everglade, buried in the mass of which are the bones, 
carcasses, and excremeutitious deposits of the thousands of living forms 
that frequented the lagoon. These ultimately became coprolites or 
guano-like deposits of birds, reptiles, aud fish. These deposits, leached 
by rain and other waters, losing all the soluble ingredients, the residue 
consists essentially of the insoluble phosphates of lime, derived orig- 
inally &om the bones and tissues of the animals devoured by the mill- 
ions of birds and predaceous animals that frequent these shores. 

By such means as these, beyond a doubt, a prominent headland, or 
low, projecting savannah, was originally formed aloug the coast, from 
which now projects the peninsula of Florida. By successive growths 
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of coral reefs, cliangea of these into keys, and of keys into msinlaDd, 
acvoinpaDied by a gradual and slow elevation, the pemnsala was elon- 
gated and will continue to elongate until adverse circumstances restri<!t 
aad limit its extension. The accompanying map makes this plain. 




No. 1 shows tte original headland formed by coralline agency. 

Nos, 2 to 5 show the lines of old reefa and coral islands or keys, which 
have become successively annexed to the main through the agency of 
the sediment brought down by the great rivers, Mississippi, ApiUachi- 
cola, Alabama, and others, which, taken up by the carrent of the Gulf 
Stream, has been conveyed and deposited in the quiet waters of the 
circumscribed lagoon within. 

So. 6 shows the line of existing islands or keys now being slowly 
annexed to the main. 

No. 7 shows the outer line of reefs now being changed into keys. 

Thus it happens that the whole peninsula is underlaid by widely 
concentric lines of coral reefs and k^ys, and by nearly horizontal 
layers of rotten limestone (coralline marl}, sand, and soil, and the tran- 
sition can be readily traced from the outer reefs, No. 7, to the range of 
keys, No. 6 (which extend westward to the Dry Tortugae), and ftom 
these to the low, swampy everglades, thence to the high fertile ham- 
mocks and savannahs and the sandy pine lands of the main. 

In 1890, twenty-two years after the publication of the foregoing, Dr. 
Pratt was employed to examine and report upon a large phosphat« 
property of about 8,000 acres, scattered along the valley of the Withla- 
coochee river and lying within the counties of Marion, Citrus, and 
Hernando, of the hard rock belt. As an interesting sequel to his Geol- 
ogy of Florida, the following extract from his official report is published 
by his permission. Speaking of the Withlacoochee basin, as he terms 
it, where he made a critical examination, he says : 

Several opinions and theories as to the origin of the formation have 
been expressed and published : 

First. That of a pure bird deposit, in localiti^ favorable to the roost- 
ing of water fowl, more nearly covers the conditions of the problem as 



^'cS'^ 



26 SPECUL R£POBT OF THE COllHtSSlONEB OF LABOfi. 

presented in all localities than any otber so for advnnuHl, bat tbe eri- 
dencea are idl opposed to this theory in the caao of the Withlacoochee 
river deposits and can not be entertained here, for certainly this form 
of phosphate of lime has never existed as vertebral bone, the basis of 
bird deposit. 

Second. That tbe underlying lime rock contains a certain percentage 
of lime phosphate as an integral part of ite composition, say 5 per 
cent., and that the lime carbonate being dissolved by cfu'bonated soil 
waters acting On a large surface, there vas left tbe 6 per cent, of in- 
soluble lime phosphate; that is to say, every 100 feet or inches of the 
lime rock dissolved wonld leave 5 feet or inches of phosphate of lime 
in pare stete. This is plausible, bat its importance is overe-itimated. 

Third. Directly opposed to this, it is held by some that the top 
surface of lime rock, constantly bathed with phosphates in solution, has 
changed its carbonic for phosphoric acid, and thus metamorphosed its 
carbonate into phosphate of lime, jnst as shells or coral rock are ailici- 
fled, which is a common occurrence. This theory is more nntenable 
than any advanced; the evidence of tbe material disproves it, for lit 
every case in which shell impressions occur, a cavity appears indicat- 
ing tbe space formerly occupied by the calcareous shell, which has dis- 
appeared entirely, leaving only its impression and cast in the phos- 
phate material. In no case have I ever seen a true calcareons shell 
transformed into a phoapbatic sbelL My own impression, based on 
evidence collected here, is that the whole deposit, in all its types and 
varied forms, had ite immediate origin in animal life and agency, and 
that the phosphate boulder is a true fossil or fragment thereof, the 
animal extracting lime phosphate either directly fh>m the mineral 
world (viz., the waters ot the sea) as vegetation does, or, more likely, 
by feeding on lower vegetable organisms that abound therein, and 
secreting the same phosphate of lime or its own solid skeleton, thus 
maintaining the accepted law of nature, that no minere^ matter can be 
assimilated and raised to the higher plane of animal life and structure 
without having previously passed throngh the lower plane of vegetable 
life and structure. In this cane, however, tbe animal, if such, was of 
the lowest type and so closely allied to the lowest type of plant growth 
that naturalists have scarcely yet agreed as to their affinities. 

In this connection it is immaterial how their food was obtained, as 
the result is the same, Some kinds of sponges, infusoria, and animals 
of lowest type assimilate directly from the water, or from their food, and 
secrete silica (fluid); some, carbonate of lime; and some, a homy sub- 
stance, as their supporting skeleton; and this secretion and growth 
continue until the environments change — the animals are exterminated 
and a massive nodule of fliut, a cliff of chalk, a coral reef, or a heavy 
stratum of infusorial casts (silica) or tripoli remains as the result of 
their life work. Is it improbable that other species may have secreted 
a skeleton ot lime phospl^te I Most shells, either fossil or recent, con- 
sist mainly of lime carbonate secreted by the animal; some, however, 
are known to secrete and live in a shell of lime phosphate. The shell' 
of Lingula, of oldest Silurian age, is phosphate of lime, and today a 
Ling^ila. with phosphate shell lives and flourishes on the North Carolina 
coast, a fact discovered only a few years ago when attempting to trace 
and discover the origin of the phosphate material of South Carolina. 

If the lynx-ey<«d miner, manufacturer, or merchant fails to recognize 
at sight a valuable commercial article, can th» naturalist, who seldom 
is a chemist, be blamed for calling a phospbatic skeleton, a calcareooB 
onet 
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It is no stretclL of the imagiDatiou to aasiime that someof tbe lowest 
types of auimalB, such as zoophytes, sponges, infusoria, foraminifera, 
etc., had the power and exercised it in building up skeletons of bone 
phosphate of lime for the support of their turgid and gelatinous bodies. 
I have before me many samples of phosphatic boulders, ftom the size of 
a match box to 5 and 8 feet in diameter, the most perfect showing a 
complete spiral or circles of phosphatic material around a central stalk 
or axis, as symmetrical in the arrangement of its loosely separated con- 
centric laminations, as the encircling leaves of a head of lettuce, which 
it closely resembles in size aud appearance, except the laminations are 
continnone in concentric if not spiral bands. I am satisfied that the 
phosphatic boulder of Florida is the fossil remains of a gigantic fora- 
niinifer having in every part of its skeleton a composition ideutical with 
trnebonedeprivedof its organic matter, but not of its structure, I am 
constrained to believe that such a structure can only be attributed to 
life agency, and under no stretch of chemical or physical law can such 
be called a concretion, nor be formed and shaped by any other power 
than that of organized growth. I am led to this lengthy explanation 
iu order to say that the evidence* lead me to believe that all of the 
boulders in the ledges or surface exposures, that are classed by me as 
laminated or conchoidal types, grew as zoSphytes or rhizopods, possi- 
bly sponges, but more probably gigantic foraminifera in the spots in 
which they are now found, just as sponges now grow in fovorable locali- 
ties, and as oysters of gigantic size found in the early Tertiary age grew 
and flourished in banks under favorable conditions and left their shells, 
even 16 to 26 inches long, still attached to the bank on which they bad 
thrived BO welL I wUl not attempt to reason out the origin of each of 
the other types of Florida phosphates, classified and described below, 
further than to say that types of wedgwood and oriole soft phos- 
phates show to the unassisted eye no indication of organic or organized 
structure. The microscope may detect it. It is certain, however, that 
they have a close relation to the boulders above described, since the 
material is in, around, and under the boulders and is generally embedded 
in the sand or clay. Accepting as trae that I am dealing with gigantic 
foraminifera, it is not unreasonable to suggest that this white material 
may be made up of the remains of the germ spores (spawn) or bud 
of these prolific animals, or is the comminuted debris of the animals 
themselves, just as soft calcareous marl is the debris of coral reefs that 
grow and accumulate in practically the same manner. It is probable 
that the delicate, gelatinous fiesh (sarcode) of these lowest types of 
animals provided abundant food tor higher types, in which case the 
excrement of these marine animals (but not of birds) would consist 
largely of comminuted debris of the phosphatic skeletons of the food 
taken. A remarkable fact adds evidence to the strength of my theory 
as to the organic origin of the material. It is well known thaY most 
rock formations, clays, and sands are colored more or less reddish with 
ferric oxide and that whenever -these are brought into intimate contact 
with organic matter (such as the flesh sarcode of these gelatinous 
animals must afltord) undergoing decomposition, the red ferric oxide is 
reduced to a soluble form and is readily leached out of the clays and 
sands, leaving the same pure white and free from every tinge of color. 
So doubt the same action has bleached the phosphate beds and the 
associated sands and clays to the almost dazzling whiteness so often 
seen — in strong contrast to the dirty reddish color of the overlying sands. 
Finally, the geological age of this deposit is no doubt the middle Eocene 
Tertiary. The underlying lime rock is true nummulitic lime, named from 
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a peculiar fossil tltat coiistitues its cLief bulk. It is well kiiowi) in 
many parts of the world, is mauy thousand feet thick in Hurope, jind was 
need largely in building the pyramids of Egypt. 

I obtained during this investigation, in the lime lock underlying tbe 
sand rock in Hernando county, a nummulite 1 inch in diameter, tbe 
handsomest one I have ever seen. I have been in doubt, until recently, 
whether or not tbe phosphate deposits were of the same age as the lime 
rock and sandstone or of more moderu formation. Of this I am now 
assured, bavingfonndidenticalfossilsinboththesaud rock andphosphate 
rock, and believe the phosphate is of the middle Eocene epoch. Tertiary 
period. It is my impression that the sand rock, generally a gray and 
porous mass at the surface, but dinty at the centre and evidently tbe 
product of sponge growth, is older than the phosphate growth and 
underlies it; possibly they grew and flourished simultaneously, each in 
the locality and environment that best suited it. In any case, the lat- 
ter outlived the former, perhaps overpowered and exterminated it; 
hence it follows that the phosphate may be reasonably looked for 
alongside tbe flinty type of sand rock, but will not be found among the 
underlying lime rocks except where it has subsided into a lime sink or 
like depression. I am of the opinion, also, that the whole nummulite 
bed, with its flinty sand rock and phosphate banks, is a deep water 
formation; of this, however, I am not-assured. 

I And that the many hundred forms and varieties that strike the 
casual observer as difi'ereut, both in quality and comi>osition, can be 
classified and arranged in groups of a few typical forms of such striking 
general character that they may be easily recognized and their chemi- 
cal composition be predicated, approximately, in the type. 

First. The laminated type. Hard boulders or fragments thereof 
more or less distinctly compa«ted in layers, sometimes with interstices 
between tbe laminae filled with sand or clay or else empty, sometimes 
compact and solid, but in all cases tbe laininte can be distinctly 
traced in the fractured edges and ai j curved concentrically or spirally 
around a central point like the leaves of a head of lettuce, except that 
the laminiB are continuous. In a small boulder the curvatuie is 
distinctly traced in the fractured edges; on a larger one the curvature 
may scarcely be detected, and the lamina; appear as plates or slabs. 
The color is brown, amber, gray, or white, but generally of one color 
from the same locality; they all have a coarse, harsh, hackly fracture. 
I have seen the laminee from one-sixteenth of an inch to 1 inch thick. 

The average composition of this type, whatever the color or whore- 
ever found, is practically the same. An average of 18 analyses of this 
type yields, excluding sand — 
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Organic mattor is uniformly present and in connection with its x>ecul- 
iar structure indicates organic origin and structure. 
Second. The conchoidal type. Hard boulder, generally smooth, 
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sometimes polished exterior, solid and massive within. The fracture is 
smooth and conchoidal like the interior of a conch shell; color, cream, 
white, or light gray, sometimes intricately biuided with irregular or 
broken streaks of darker color. This type is of common occurrence, 
but if exposed at the surface to forest fires may become very hard, 
rough to the touch, and discolored by iron oxide or partly lose the 
smooth fracture so common in the underground boulder. It is uni- 
formly nearly free &om sand and insoluble matter and contains organic 
matter and carbonate of lime, indicating organic origin. Its average 
composition, computed from 16 analyses, freed from sand, is — 
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Third. The wedgwood type is boulder-like, has semi-conchoidal frac- 
tiu-e that looks like wedgwood or semi-porcelain ware, is dry and 
rough to the touch, brittle, aud rings under the hammer; breaks in all 
directions with equal fecility, is generally white and cream color, though 
sometimes stained and spotted. It is ibuud in banks, is prominent in 
the Withlacoochee basio, and is a valuable' rock. The tough, white, 
rain-pitted rock may be included with this. Its average composition, 
computed from 20 analyses, freed from saud, is — 
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Fourth, The oriole type. This is a soft mass occurring in layers, 
irregulio" strata, or masses sometimes of several feet thickness and 
considerable area. It is perhaps the most widely disseminated and 
most abundant of all the types. Pure, it is chalk-white in color, soft 
and satin-like in feeling. It is porous and light when dry, and smooth 
and fine as pearl powder. When mixed or wetted it holds from 30 to 
40 per cent, of water, works under the fingers to a pasty mass, is easily 
shaped and moulded, and dries into a hard cake, friable, but of con- 
siderable tenacity. When subjected to heat in other than its natural 
or moulded state it becomes tough, resists abrasion, and loses more or 
less of its smooth feeling, does not shrink iu bulk nor crack, nor is it 
restored to its former condition by soaking in water. It is almost free 
from sand and grit, but contains alumina. It invariably occurs under 
and around the boulders and extends laterally beyond them and under- 
lies tracts of land where no boulders are found. Sometimes it is harder 
and heavier than described, but having similar composition, both kinds 
are classed together. In its pure state it is, unfortunately, closely asso- 
ciated with intervening beds or layers or pockets of pure white sand 
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or clay, or both, which is difQcult to separate, and the grade is redaved 
thereby. 
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Fifth. Another type is as white as oriole, but in ledges or boalders, 
though sometimes soft and smooth to the touch. It is compact and 
heavy. On exposed surfaces it appears deeply pitted, as if by rain- 
drops, but this is probably due to the growth of a species of lichen. 
Along with it occurs rock of the wedgwood type, and as their com- 
positions are so nearly the same, I think it best to class it under that 
head or type and call it wedgwood, too, for the present at least. 

Sixth. The fossil type, so called from the fossil impressions contained ; 



viz., cavities like this ^ 



> from one-eighth to sixth-eighths inch. 



This fossil, called orbitoides, accompanies the nnmmnlite in all num- 
miilitic limestone and in this state is a characteristic fossil of a sand 
rock that overlies the prevailing lime rock, and which is not a sponge 
flint rock. I have not learned where the sample came from, but know 
it can only be found close in the lime rock below. It is of good quality, 
hard boulder, brown in color, breaks in all directions easily, exposing 
the cavities shown above. The fractured parts are very harsh and 
sandy in one piece, more smooth in another; in any case the cavities 
will identify the type. It resembles sand rock so closely that it might 
be rejected in mining. Analysis of the roughest and most unpromis- 
ing piece yields — 
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Seventh. The river rock type consists of either or all the above types, 
except the oriole, all darkened even to blackness by the staining ac- 
tion of the water and mud and exclusion of air. It is sometimes blue, 
sometimes pink, and even green at the surface. They seem more mas- 
sive and heavy than any of the other types. A sample from Blue 
Spring in the Withlacoochee river basin run above 8a per cent, phos- 
phate of lime. All these forms or types run more or less into each other, 
yielding mixtures of more or less uniformity, dependent also on the 
quanti^ of clay and sand that may adhere to them. 
From the study of these typical forms it may be observed — 
First. That their close approximate composition indicates a common 
origin, the lime phosphate averaging 78 to 88 per cent., apparently de- 
pending on the varying amouuts of water, lime carbonate, alumina, and 
iron oxide. 
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Sevoiid. That the iron oxide is seldom as mucb as 1 per cent, and 
sometimes entirely absent. The alnmina varies Ibim a trace onl; to as 
mach as 12 per cent., and this from one of the finest oriole samples. 
The average of all the analyses is between 3 and 4 per cent. When 
more than this is found it is due to the solvent action of strong acids , 
In the clay element, and I notice that the clays in this country are more 
solnble than other clays or kaolinites. 

Third. The lime carbonate runs from 3 to 7 per cent., except when 
fonnd near the lime rock below, where it reachee S to 10 per cent., but 
this is rare. 

Fonrth. Calcium fluoride in the harder varieties, in no case have I 
found more than one-fourth per cent, to 1 per cent. This is evidence 
that the material is not derived &om the bones of vertebrate animals, 
which uniformly contain more. 

Fifth. Organic matter exists to a limited extent in both the laminated 
and conchoidal types. 

Sixth. Combined water is always present in excess of what the sili- 
cate of alumina would indicate, in what combination I have not had 
time to investigate. 

Seventh. The absence of magnesia and sulphuric acid is conspicu- 
oas. Chlorides are present. In general the specific gravity of all the 
types is described to be 2.25 to 3.25, 



GEOGEAPHTCAL POSITION OF THE FLOEIDA PHOSPHATE 
BELT. 

The phosphate belt of Florida, as applied to the workable deposits 
having an economic and commercial value, commences at the head of 
the Wacissa river, in Jefferson county, about 4 miles south and 18 
miles east of Tallahassee; thence it extends southeast to the Aacilla 
river, near a point where the three counties of Jefferson, Madison, and 
Taylor join, where deposits of considerable extent and of fine quality 
are found; thence through Taylor county, with a trace or straggling 
deposit here and there, by a soatheast course to the Steinhatchee river 
in Lafayette county, where large and valuable dexmsits have been 
located. Dlr^ly north of the Steinhatchee phosphate region, and 
chiefly on th^Bast bank of the Suwannee river, and around the little 
Tillage of Luraville, large bodies of high grade composite phosphate 
have been located. Thence the belt extends southeast again for a dis- 
tance of about 25 miles, with very little evidence of jihosphate on the 
way, and Ichetucknee springs, in Colombia county, is reached, around 
which are some rich deposits. Leaving the springs and travelling south, 
indications are seen here and there. Passing near the town of Fort 
AVliite and the rich deposits in its immediate vicinity, crossing the 
Santa Pe river, and traversing this hard rock territory for a distance 
of 24 miles, High Springs in Alachua county is reached; thence due 
south, are deposits scattered all about for 24 miles to the Albion region 
of Levy county, to the westward of the tracts just described. Strag- 
gling ^opg » distance of about 30 miles, in the western part of Alachua 
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and Levy oonntieB,. from north to south, is the Trentoa region, Trhere 
fine 4M>mp08ite phosphate lands, rich and easily worked, have beon 
located. ' 

Beturning to Albion and travelling sontb and east throngh Levy 
county, 15 miles to Stafford's Poiid, thence on throngh Marion county, 
taking in on the way a number of rich mines in the Early Bird region, 
we reach the Dunnellon mines, where the discovery of hard rock phos- 
phate was originally made, where the first mine was opened, and where 
is now the largest hard rock company in the state. Crossing the With- 
lacoochee river, the belt extends a little east of south through the rich 
and favored mineral counties of Citrus and Hernando, broadening out 
and reaching so far to the east as to take in the western border of Sum- 
ter county, again veering to the west, thence on to a point i miles 
soatb of Dade City in Pasco county, where the southern limit of the 
hard rock belt is reached. Its total length from Ichetneknee springs 
to the point named is about 160 miles, through a broken but oontinnbus 
chain of phosphate deposits, its general trend being north northwest 
to south -south east with an average width of 12 to 15 miles, in several 
places widening out so as to embrace, in a fragmentary way, as much 
as 20 miles. To the east, and parallel with the hard rock belt, and 
lying almost wholly within Marion county, is what is known as the 
plate rock region, of which Anthony, Welsliton, Belleview, and Sum- 
merfield are the present active centres. The plate rock belt extends 
from Orange Lake on the north to the southwest comer of Lake Weir 
on the south, a distance of 30 miles or more, with an average width of 
2 to 3 miles. The thriving city of Ocala falls between the hard rock 
and plate rock belts, making it the phosphate centre for a large extent 
of country. The t«rritory from Ichetneknee springs to Dade City is 
described as the phosphate belt proper, because it is more compact and 
better defined, but including the Luraville, Steinhatchee, Ancilla, and 
Wa^issa rivers and deposits adjacent thereto, hard rock may be found 
for a distance of more than 200 miles, in its course traversing the coun- 
ties of Jefferson, Madison, Taylor, Lafayette, Suwannee., Columbia, Ala- 
chua, Levy, Marion, Citrus, Hernando, Somter, and :^asco. In a gen- 
eral way it conforms to the configruration of the Gulf coast, but touches 
it nowhere, and only in one place approaches as near as 8 miles. The 
territory described is known as the hard rock belt, because the phos- 
phate is hard, as its name implies, and is generally high grade, and 
though subject to several subdivisions, is believed to be of a common 
origin. 

The subdivisions are: 1st, hard rock; 2d, plate rock; 3d, composite, 
a mixture of hard rock and fragmentary stuff, to which may be added 
the gravel screenings and soft phosphate which generally consti- 
tute a considerable part of the matrix of the hard rock boulders. 
Sometimes the gravel is found as drift, and the soft phosphate fre- 
quently isolated and aetached from other forms. Again, movingsonth- 
ward, the abmptnesa of the change is broken by a considerable deposit 
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of joft phosphate near Bichland, i miles south of the southerD extrem- 
ity of the hard rock belt, and thence for more th^n 20 miles a atrip of 
flatwoods conntry, entirely destitute of any indications of phosphate, is 
crossed. South of the high ridge upon which Lakeland is situated, 
the land pebble region spreads out for 30 miles east and west, at right 
. angles with the general ti-end of the deposit already described, cover- 
ing a large territory, and distribnting itself along the water conrses 
that permeate this section of Polk and Hillsborongh counties and 
finally make their way into the Alafia river, which has its outlet in 
Tampa bay. 

The force of the drift having been broken by the escape of the over- 
flow Into the basin of the Alafia and its tributaries, agam gathers itself 
together at Lake Hancock, where it becomes more contracted, and re- 
sumes its southern course, following the Peace river valley to the 
6ulf at Charlotte harbor, on its way sweeping through the counties 
of Polk and De Soto. The waters in their passage continually drop 
the pebble, which becomes incorporated with the land adjacent 
to the river and in places for some distance beyond, filling all 
lakes, creeks, ponds, prairies, and depressions, and covering the 
beds of the river with a stratum of from a few inches to many 
feet. Each annual flood and every freshet scouring oot^ the head- 
waters and tributary streams, and washing away the yielding banks, 
sets free an additional supply of the phosphate pebble. In places 
the volnme of the drift overleaped the barriers of these small streams 
and fijund its way into Manatee county and the river of that name, 
and also the Miakka river, where the land and river pebble projier 
loses some of its identity by becoming more or less mixed with animal 
fossil phosphate, which contains a considerable percentage of silica and 
quartz. Further south, in Lee county, the Galooeahatchee river opens 
op another field, but disconnected from that described and of a differ- 
ent origin. Of the laud pebble belt the Peace river may be said to be 
the eastern boundary, for though it crosses the river in places, nowhere 
as yet has it been found far beyond. Going back again to the hard 
rock belt, and starting from a poiut near Ichetucknee springs, a drift 
of pebble phosphate seems to have passed over the sandy plain directly 
east along and across the headwaters of the Santa Fe and Sew rivers, 
leaving a considerable trace in Bradford county, thence through Clay 
county to Black river, where it found an outlet, but as it swept along 
it parted with much of the pebble with which it was loaded, which 
found a resting place in the valley and bed of Black river. This Black 
river phosphate seems to be identical with that of the Peace or Alafia 
rivers, except that it carries quite a percentage of silica, but being a 
non-absorbent this has not been found objectionable. 

Id Wakulla county, on the- Sopchoppy river, is found another con- 
siderable deposit, but entirely differfcit in character and in origin from 
the hard rock of loud pebble belt. It is very much the same as that of 
20616 3 
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Cbarleston, ttLore being present large quantities of fossil bones of both 
land and marine animals, and the soft porous limestone, inwhicb mnch 
of it is embedded, being: saturated with the phosphoric acid, has be- 
come transformed into a lower grade of phosphate. This deposit was 
discovered several years before the hard root, and at that time attracted 
much attention from scientists and others, but its limited area and its 
remoteness fl'om transportatiOTi prevented its development. In the 
meantime the discovery of the enormous high grade hard rock deposits 
diverted attention to the new and more attractive field. Traces of 
phosphate, as stated, have been found in Bradford county, also Hamil- 
ton county, the eastern part of Madison county, and &rther west in 
Leon, Gadsden, and Washington counties. But none has yet been de- 
veloped, and therefore it is impossible to determine the valae or extent 
of the deposits. About 30 miles directly north of the deposit first de- 
scribed at the head of the Wacissa and Aucilla rivers, over the state 
line in Thomas county, Georgia, is a fugitive or outlying deposit of a 
number of small pockets of hEu-d rock, covering something like 1,000 
acres. This will be found noted on the map near the little town of 
Boston. This deposit, which is believed to have some connection with 
the Florida dei^sits, is the only one thus far discovered north of the 
Florida line of sufficient value t« warrant working. Including bo+h 
the hard rock and laud pebble fields of Florida, the distance from the 
northern extremity to the southern limit.is about 240 miles, the distance 
from the eastern to the western extremities being about 125 miles. Fol- 
lowing the two belts in their meanderings from Charlotte harbor to the 
head of the Wacissa river, the distance is abont 325 miles, but the 
deposits are broken and detached like the reefb and oyster bars on the 
seacoast, which, no doubt, at one time they mnch resembled in appear- 
ance, for there is ample evidence of their having been laved at one time 
by the tides of the ocean. This description, with the aid of the map 
which accompanies this report, will give a very correct idea of the geo- 
graphical location of the Florida phosphate deposits. 

TOPOGEAPHT OF THE FLORIDA PHOSPHATE BELT. 

In the first year of the discovery of phosphate many theories were 
entertained concerning its relation to the physical features of the 
country, but in the light of experience and a fliller development of the 
several phosphate fields, these views are no longer entertained, and it 
is now pretty generally acknowledged that there ia no relation what- 
ever between the two, save that of accident. It was once believed that 
the belt followed the rivers, but the map will show that it followsits own 
course without reference to the directions the rivers take. Some held 
that phosphate e«nld not be found on the hills, others that ifc could not 
be found in the swamps, others thought they could tell it by the timber, 
and said that the scrub palmetto would not grow on phosphate land, and 
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still otliers Baid that tliere was some iocompatibility between ham- 
mock (hard HFOod land) and phosphate; but all of these theories have 
been refuted, for it has since been fonnd under each of the conditions 
named. 

The phosphate belt commences in the foothills of the rolling coun- 
try of middle Florida, makes its way over the tiiitwoods and pine for- 
ests of Taylor and Lafayette counties, thence into the higher level of 
Suwannee county, and continues to High Springs in Alachua county. 
There it reaches the backbone of that couutry, with an elevation of 
probably 100 feet or more, over which it extends for 40 or 50 miles. It 
passes through aU manner of forest growth and every character of land 
tcom rich hammock to the poorest sand hills, through flatwoods, swamps, 
and rolling land, with the greatest diversity of soil and timber. Turn 
either to the east or the west and one or two hours' travel discloses 
with what regularity the phosphate belt kept on its course, crossing 
rivers or paralleling them, but when the separation came, it was the 
river that changed its coarse, not the general trend of the phosphate 
belt. This, of course, applies to the hard rock belt proper, which is 
recognized by some of the ablest scientists as being in place. The 
plate rock, land pebble, etc., are drift or, as some describe them, 
alluvial deposit, and naturally take to the water courses, where acces- 
sible, as in Folk, Hillsborough, De Soto, and Manatee counties. In ita 
course the hard rock belt embraces elevations of from 15 to 120 feet, 
and in several places reaches a higher altitude; indeed, If the belt has 
shown any preference, it is for the high ridge or backbone, with its un- 
dulating surface, which it accompanies for so much of the distance. 
The absence of water on the greater part of this rirlge is another feature, 
mines having been sunk 60 feet without encountering it. In many 
cases — ^indeed, where the mine takes the water-shed — the water that 
flows into it sinks and disappears. In Taylor and Lafayette counties 
the lands are generally flat and low, and in mining, pumps or drainage 
wUl have to be resorted to, and in some of the clay lands water has 
given trouble; but as a rule, from the Suwannee river to Pasco county, 
water gives little or no trouble, and the topography of the country 
IS rather favorable to economical mining. 

The map shows the intimate relation the "phosphate belts, hard rock 
and land and river pebble, bear to river and railroad transportation to 
the seaboard. Tboagh active prospecting has been carried on by land 
owners and others since the discovery of phosphate in Florida, the past 
year has added very few new deposits to those already located, and 
these have been almost wholly within the well defined limits of the belt. 
The map ts brought down to January 1, 1893, which enhances ita value 
oa reliable reference. 
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DI8C0VBRY OF PHOSPHATE IK FLORIDA. 

Tlie eccentricity of pbospliate deposits will, in a great measure, ac- 
count for the long delay of their discovery, after the occupation and 
settlement of the country. 

In the ruins of the old clay chimneys, which were in the winter 
quarters of Oen. Andrew Jackson, the fragmentary phosphate con- 
tained In the clay can still be seen scattered about. 

Boulders as large aa flour barrels were frequently used as underpin- 
ning for bouses. Smaller boulders were used in the couatruction of 
chimneys and sugar furnaces, and in Fort Meade it was used as adesir- 
able paving material for the sandy sidewalks. Yet phosphate is marked 
by many singularities which distinguish it &om other formations j 
indeed, now that it has been discovered, all are surprised that the 
material, which was so common to those sections of the state now 
embraced in the phosphate belts, had not been recognized. While 
neither the Btat« nor the United States government had attempted a 
geological survey, several scientists of reputation had made a prelimin- 
ary examination. The animal fossil deposits on the Sopchoppy river, 
in Wakulla county and elsewhere, had been tirougbt tfl their attention, 
but the largest deposits of the hard rock and land pebble phosphates, 
though traversed by them time and again, failed to attract the skilled 
eye, even of these experts. Their failure may be attributed partly to 
the fact that all were looking for deposits similar in character to those 
found in South Carolina. Probably the best explanation of the almost 
purely accidental discovery of these rich and wonderful deposits may 
be found in Prof. N. S. Shaler'a introductory remarks taDr. Penrose's 
Nature and Origin of Deposits of Phosphate of Lime, Bulletin TSo. 46, 
United States Geological Survey, 1888, Prof, Shaler says: 

It will be evident to the reader of Dr. Penrose's report that the work- 
able deposits of phosphates are found in a greater variety of circum- 
stances than those which contain most mineral substances that have an 
economic value. • • • Although local concentrations of phosphatic 
nodules, other than those now known, may well be sought for in the 
Southern states, I do not think that the precise conditions or character 
of the deposits as found at Charleston should be expected to repeat them- 
selves elsewhere. It is characteristic of the process of concentration 
of phosphatic, as well as of other matter into nodules that the material' 
takes on a great variety of aspects, each proper to a particular site, and 
this although the surrounding circumstances of the several localities 
may apparently be identical, • • • Unfortunately, the unfiimiliar 
aspect of the various forms of phosphatic deposits will make this task 
under any circumstances difficult. There is no substance of equally 
wide diffusion among those of considerable commercial importance 
which, in the present state of popular knowledge, so readily escapes 
detection as lime phosphate. 
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From the time of the discovery of the South Carolina phosphates, 
many persons iu Florida had taken much interest in the subject, and 
in some vay connected those wonderful deposits with the seacoast and 
tide water, many believing that deposits of equal value might be found 
somewhere in the broad expanse of the ocean bound peninsula of 
Florida. This interest took shape and crystallized so far as to repeat- 
edly urge upon the legislature of the state the advisability of a geo- 
logical survey, with the purpose of ascertaining definitely what lay 
beneath the surface. The legislature never responded, and the discov- 
ery of the rich deposits in Florida, the largest in the world, was left 
to chance. 

As early as 1879 traces were found and reported &om Hawthorne in 
Alachua county, a sort of sporadic deposit hanging apou the fringe of 
the now well defined belt. Analysis was made and showed 45,72 per 
eeut. phosphate of lime. Some attempt in 1884 was made to work it, 
but only in a small way. Other discoveries were made in the same 
region, but none of them are now considered of much value. In 1887 
the Sopchoppy or Wakulla county deposits were discovered, but their 
remoteness from transportation was an insuperable obstaele to their 
development. In the winter of 1888-'89 Mr. Adam Eiohdberger, of 
Marion county, discovered upon his orange grove on the Withlacoochee 
river a strange looking substance, which excited his curiosity, and 
which ho believed to be gypsnm. A little latei', about May 1, 1869, 
Mr. Albertus Yogt, while having a well bored on his place, near the 
now famous Dunnellon mines, had bis anger foaled, which, in his efforts 
to clear it, became disjointed. In digging down to clear the auger he 
came upon a bed of considerable thickness of what is now known as soft 
phosphate, which opened the way to the hard rock. Samples were car- 
ried to Ocala and placed in the hands of Dr. B. B. Snowden for analysis. 
The result was as much a surprise to Dr. Snowden as to any one else. 
He reported that the analysis proved the substance to be phosphate of 
lime of high grade, being over 76 per c«nt., and told the parties, some 
of whom were ignorant of the value of phosphate, that if the deposit 
was abundant it was better than a gold mine. The 10 acres of poor land 
upon which the well was located, within a few weeks sold for H0,000, 
aud within a few months Mr. Yogt realized $60,000 as the limits of his 
discovery. Mr. Eichelberger, who had stimulated the excitement by 
his search after gypsum, was also rewarded, for he not only discovered 
gypsum of a good quality, but in close proximity, on the sajne tract of 
land, rich beds of phosphate. The business men who bad been taken 
into the secret by Mr. Togt cautioned secrecy, and immediately sent 
samples to chemical laboratories in New York, Philadelphia, and Chi- 
cago, the analysis from each being confirmatory of Dr. Snowden's report. 

Within a few weeks thousands of acres of land lying along the With- 
lacoochee river were secured, under a small option, at a nominal price. 
Capitalists were then taken in, and what is now known as the Dun- 
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nellon Phosphate Company was organized. The mysterious bnt active 
maDner in which so many men were moving abont in a sparsely settled 
and hitherto qniet section of the conntry, conld not escape the obser- 
vation of the corions for a great while. Orodnally the facts became 
known, the contagion began to spread, the whole country was aroused, 
and men, women, and even the children became prospectors for the 
coveted phosphate which was to bring riches to the fortunate finder. 

The extent of the deposits was a mere matter of individual sannise 
and opinion, and buyers were apprehensive that the Dnnnelloa com- 
pany had already secured the greater part of the deposits, and that 
unless they bought early they would lose entirely the great profits that 
all agreed would accrue irom so rich a discovwy. This was not the idle 
talk of inexperienced men, but the conclusion of steady going business 
men from nearly all the great cities, and of eminent geologists and 
chemists. Men would rush into print and prove by figures that an 
acre of phosphate was worth millions. The most prominent newspa- 
pers of the state published estimates made in all seriousness, of 2,000,- 
000 tons to a single acre. In order to show the highly excited condi- 
tion of the pablic, the following clipping is given: 
To the Mitor of the : 

If you own 40 acres in phosphates, only 1 foot thick over the entire 
40 acres, it will produce 160,000 tons ; if 5 feet thick, 800,000 ton s ; if 16 
feet thick, 2,400,000 tons. 

If an average of 80 per cent, phosphate of lime and less than 2J per 
cent, of iron and aluminum, you can get $24.45 per ton, delivered in 
Ijondon, England. It will cost you to mine, roast, and load on cars at 
the mines, i3 per ton; freight, insurance, etc.j to London, say, $7 per 
ton; total expenses per ton, say, <10. This will leave a net result of 
products of |l4,45 per ton delivered in London. If above figures are 
correct, 40 acres of solid rock phosphate, 80 percent, phosphate of lime 
and free from impurities, would bring the neat sum of about $33,000,000. 
Good enoagh. It takes time and money to bring out above results, bnt 
they will come. 

In the light of several years' experience in practical mining, and the 
sober, solid, and indubitable facts recorded, such statements as those 
given are almost incomprehensible, bnt at the time these wildly exagger- 
ated statements were given there was at least some fovmdation for the 
estimates made. Men had actually dug test pits through 35 feet of 
comparatively solid phosphate, and the weight of a cubic yard was 
ascertained to be something like a long ton, or 2,240 pounds. In those 
days people had not troubled themselves about establishing the out- 
lines of a deposit, which would give the superficial area, but took it for 
granted that there were acres upon acres of it. At that time for some 
reason there was doubt about the supply of phosphate, and high grades 
especially increased in price, being worth as much as 30 cents pw unit, 
making 80 per cent, phosphate worth about $24 per ton. Itis recorded 
of the earlier cargoes of high grade Florida phosphate, that some of 
them actually netted the shippers over and above expenses, mining 
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iiM^aded, 110.80 per ton. finder these circumstances, active and in- 
dnstriotis prospecting soon extended to almost every county in the 
Btate, and to tLis general interest we are indebted for tbe early location 
of the workable deposits, and the defining of the boundaries of the 
Beveral fields. 

The discovery of the Peace river and land pebble phosphates was 
made prior to that of the hard rock, bat excited little more than local 
interest, many looking apon the operations and investments of the few 
engaged in it as more of an experiment than an assared fact, bat 
the " hard rock boom," which had been heralded abroad and excited 
so much interest, gave emphasis, significance, and greater prominence 
to the river and land pebble belt. Soon prospectors and capitalists, by 
' their locations and purchases, showed their appreciation of their value 
and importance. The following fi-om Hidden Treasures, by Dr. Jay 
Shrader of Bartow, Florida, 1891, gives what is generally received as 
the true story of the discovery of the Peace river and land pebble phos- 
phates: 

In the winter of 1881, the chief engineer of a detachment of the 
engineer corps, Uuit«d States army, was engaged with his party in 
making surveys for a canal from the headwaters of the St. Johns river 
to Charlotte harbor ; and it was while thus engaged, and when surveying 
Peace river, that he made the discovery of Florida's hidden treasures. 
The civil engineer wa« Oapt. J. Francis Le Baron, then on the staff of 
Maj. Gen. Q. A. Gillmore, United States army, under whoso orders he 
was acting. Capt. Le Baron, fiilly appreciating the scientific as well as 
commercial importance of his discovery, seni 9 barrels and boxes of 
fossils to Prof. Baird of the Smithsonian Institute. Prof. Baird was 
greatly interested in tlie discovery, and requested Capt. Le Baron to 
make a complete geological survey of the Peace river valley, in con- 
junction with certain paleontologists whom he (Baird) would send down 
from Washington, but the matter being referred to the commanding 
officer. Gen. Gillmore, he replied that he could not spare Capt. Le Baron 
for that purpose. Some montlts later Capt, Le Baron was transferred 
to Fernandiiia, where, as chief engineer, he had charge of the improve- 
ments of the harbor and of the month of the St. Johns river; and, 
engaged in various duties of the government service, he was unable to 
visit Peace river again until 1886. At that time he reexamined the depos- 
its and dug a number of teat pits. He also sent off a lot of samples and 
had them analyzed to convince certain Jacksonville and Philadelphia 
capitalists of the immense value of the pebble deposits ; he urged them 
to buy or bond the entire Peace river valley, • ■ • but they could 
not see it. In vain Capt. Le Baron addressed moneyed men in New 
York, in Boston — everywhere; all alike were skeptical and would not 
invest a dollar, though one of the men appealed to (whom the writer 
happens to know) could then have got control of the whole river for 
but little more money than he has since invested in one mine. About 
this time ^1886-'87) Capt. Le Baron was offered a lucrative position — 
that of chief of an engineering expedition to Central America to lay 
out the Kicaragua canal — and despairing of ever being able to interest 
capital in his discovery he accepted it and sailed for that country, fi'om 
which he did not return until a year ago. Put it into all the school 
histories of Florida (they will probably outhve this pamphlet) that 
Capt. J. Francis Le Baron discovered Florida phosphate, A. D. 1881. 
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COMPARATIVE MERITS OF THE HARD ROCK AND PEBBLE 
BELTS. 

The hard rock miner is content irith the advantages he claimB, and 
not many would consider a proposition looking to an exchange, while 
the pebble men express great surprise that the superiority which they 
claim is so poorly appreciated by the hard rock men. Hard rock comes 
in great boulders like kegs and barrels, runs high in phosphate of lime, 
and brings a much higherprice, though the cost of mining can as a rule 
be safely placed at twice that of land pebble, and three times that of 
river pebble. The pebble, both river and land, comes slowly but 
surely and with great regularity, and a week's work counts up amaz- 
ingly, but it carries much less phosphate of lime and brings a lower 
price. Experience, good management, and economy enter so largely 
into the business that it is difficult to decide which Is the more remu- 
nerative grade. Then, too, phosphate mining of any kind is a most 
feiScinating and alluring occupation, warping insensibly the judgment 
of those engaged in it, and inclining them to that kind with which they 
have had most to do. Conservative and clear-headed business men, 
who have visited both sections with a \-iew to investing, have found it 
most perplexing after weighing all the pros and cons. 

ESTIMATED PHOSPHATE IS SIGHT US FLORmA. 

The acreage of the several kinds of phosphate is given with due al- 
lowance for new discoveries and undeveloped and unknown lands; with 
the percentage of true pliosphate laud to area; with the average yield 
per acre, in tons of 2,240 pounds ; and with the aggregates of the same. 
These estimates are based upon many months' close study of the several 
fields, the measurement of lands already mined, the product of which 
has been ascertained, and a comparison of notes and observations, with 
those of the best informed experts, phosphate prospectors, mining engi- 
neers, and intelligent miners actively engaged in the business. By way 
of ftirther explanation, hard rock yields flx)m 100 or more tons per acre 
to as mach as 25,000 tous of boulder rock for a bonanza mine, to 
which we may safely add 60 percent, for the gravel or fragmentary stufl 
found in the matrix and in the form of dri^ immediately around the 
mine, thus giving a possible maximum of 37,600 tous. Our estimate is 
based upon 25 per cent, of this, or 9,375 tous, as an average yield per 
acre, and we estimate the true hard rock area as IJ per cent, of the total 
area of the belt. Soft phosphate, constituting as it does a considerable 
part of the hard rock belt, we estimate as ^ per cent, of the total area 
of the belt; the soft phosphate found in pockets and in the matrix of 
the hard rock mines is included, aud an average yield of 6,000 tons per 
acre allowed. For the composite, consisting of pockets of hard rock 
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and drift of fragmentary phosphate, with the acreage not extensive, 
and the prospecting having been done with more than nsaal care, 10 
per cent, of the area is allowed and a yield of 3,000 tons per acre given, 
Plate rock is more clrcomscribed than the other deposits, is more ac- 
cessible, and has been more thoroughly exploited, and piuchases have 
been made in smaller tracts and more carefully considered. For these 
reasons 15 per cent, is allowed for the area, and the yield, which has 
been pretty well established, is given at 2,500 tons i>er acre. Much of 
the land pebble belt was located without regard to the deposit, bat for 
the pnrpose of controlling the river beds through the riparian rights 
thns obtained. Consequently 1 per cent, is deducted for this and d 
per cent, instead of 10 allowed for area, with 3:1 average yield of 2,250 
tons per acre. These estimates cover all workable phosphate deposits, 
both good and bad, and embrace both the lands carefully selected and 
those located by entire sections for speculative purposes upon iini)erfect 
exploitation. The estimate given for river pebble is in gross, and in- 
cludes the Peace, Miakka, Caloosahatchee, Manatee, Alafia, Withla- 
coochee, and Black rivers and their tributaries, and is based upon the 
best infonnation that could be obtained irom a number of parties 
engaged in river raiuing. The soft phosphate of the land pebble belt, 
being more or less combined with land pebble, is classified with land 
pebble. 

ESTIMATE OF PHOSPHATE IN SIQHT IN PLORIDA. 
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A diagram showing the ratio of estimated actual deposits to the total 
area held as phosphate land is given below : 



BAIIO or ACTUAL rEPOSITS TO TOTAL AEEA HELD AS PHOSPHATE LAUD. 



The tptal area held aa phosphate land is represented by the space 
contained within the rectangular figures — a representing the plate rock, 



42 6PECIAL REPORT OP THE COMMISSIONER OF. LABOR. 

b the composite, c the land pebble, and d the hard rock belt. The black 
portions represent the estimated actual deposits of phosphate in each 
belt. 

KINDS OF PHOSPHATE, MACHINEET USED, ETC. 

Hard rook. — The bard rock belt, which covers so large a part of the 
phosphate field, naturally takes its name fi-om the hard rock phos- 
phate which there predominates, aod which may be said to be the basis 
of at least three other kinds; viz., the eravol screeniugs, the plate 
rock, and the composite, with an intimate connection with still another 
kind, the soft phosphate, one theory of which, that of Prof. Lawrence 
C. Johnson of the United States geological survey, describes the soft as 
being formerly hard, but now in process of decay and decomposition, 
while Dr. Pratt advances a theory directly the opposite, believing the 
soft to have been the prodocing cause of aU the rest, the spawn or spore 
from which it originated. The subdivisions into which the hard rock 
belt ^id its several products have been divided will be described in 
their order. 

Hard rock is found in boulders of irrSgular shape and size, and in 
every possible position. The boulders vary in size from that of an 
orange to a mass of immense proportions, and in weight from several 
pounds np to a ton or more — they probably average between 250 and 
1,000 pounds. In exceptional cases boulders or great masses of con- 
glomerate phosphate have run together, as it were, forming a compact 
body of more than 50 tons. In one case, at Oriole in Hernando county, 
a boulder measured 8 feet by 12 feet by 15 feet, and, being perfectly 
free from voids and adulteration, must have weighed at least 60 tons. 
These boulders are usually found in nests of two or more. Sometimes 
they are fonnd in layers to a considerable depth; indeed, hard rock 
mines usually run deep, some having been cairied as far as 50 and 60 feet 
below the snrfeee. The greatest peculiarity of hard rock boulders is 
their irregularity. The rock is surprisingly heavy, compact, and hard, 
and when broken it makes a clean, smooth fracture. A perfect piece 
when struck will ring like metal. After scraping off the sedimentand 
mould which forms a crust on the outside, the rock will be fonnd as 
smooth and &ne to the touch as velvet. In its composition all sand and 
foreign matter appear to have beeu r^eeted, leaving the grain fine and 
delicate. 

There are many variations of the several types of hard rock phos- 
phate. One of the most highly prized by the miner is the laminated. 
As its name signifies, the formation is in scales or layers, one upon an- 
other like the scales of a fish, or like so many plates one upon another; 
these laminie vary from the thickness of card paper to that of 1 inch 
or more, generally averaging about one-fourth of an inch. In many 
epeclmraia yon caiU detect the lamime only by the lines with which 
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they are marked, bat usually there is a well deflued space between the 
them. Often there are gaps between the laminte, the interstices being 
filled with an adulterant composed of sand, iron, alumina, and other 
fijreign matter, from which the rock mnst be freed as ninch as practi- 
cable in order to preserve the high grade of the phosphate. Owing to 
their large dimensions, nearly all the boulders require to be reduced to 
convenient size for handling by the use of a sledge hammer and steel 
puiich, or in case of larger boulders with dyuamite. This hammering, 
blasting, and breaking process relieves the phosphate of much of the 
foreign matter, after which it is heaped up on a crib work of cord 
wood, under sheds to protect it against rain, each shed having a capacity 
of about 200 tons, where it is allowed to stand until a week or ten days 
before shipping, when it is fired. This calcining process, with the sub- 
sequent handlings, brings it up to a good average condition, and at the 
same time expels the moisture, which is necessary both to save freight 
and meet the requirements of the buyer. 

Besides the laminated there are several other forms of bard rock 
phosphate; some smooth and close knit and without the lines, and 
some with a rough and wrinkled front, but a smooth interior; other 
forms look like Tennessee marble in the rough ; another form resembles 
lime rock, and boulders have been found so closely united with flint 
rock that the line of junction could hardly be detected, and a fracture 
of one would run into the other. Then there is another form, white 
and of a large grainy formation ; this form is almost as hard as the 
others, thougb it does not appear so. Other formations resemble slate 
rock, and so on in an endless variety. In color the phosphate varies 
almost as much as in other particulars, taking on white and all shades 
of brown, gray, yellow, and cream, and sometimes is quite dark and 
even black. All these colors, save the white, appear to come from a 
stain of some sort, probably from the soil in which the phosphate is 
found, or the trees and vegetation that grow upon it, and uot unlikely 
a combination of oil. As a general rule, where the soil is moist, the 
phosphate has a creamy cast, and where there is much clay it shows 
brown or yellow. Iron, which often exists in the soil, gives it an iron 
rust color. Light sandy land generally insures a bright, clean white, 
but whatever the color before taking it out of the ground, a few days' 
exposure to the sun bleaches it more or less. These many variations 
in form and color often mislead the miner, but in whatever manner the 
eye may be deceived there is generally something in the touch and 
weight by which the skilled miner knows that it is phosphate. Tbongh 
it may differ in other respects it is nearly all hard and heavy, and when 
broken, generally smooth to the touch. The analyses of cargoes of 
thousands of tons show its high character and purity, possessing, as it 
does, the chief requisites of a high grade phosphate. 

The hard rock deposits, like the boulders in the mines, are commonly 
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found in groups, in area ttom a few squaie yards to 1, 2, and 3 acres, 
and in exceptional cases may be as much as 1 or 6 acres, but these are 
rare. As a rule tliey ran from one-fourtli to tbree-fourths of an acre. 
Even a full acre in area is uncommon, tbOugli there may be, and fre- 
quently are in the aggregate, several acres of phosphate on a small 
tract of land. 

In yield phosphate, like other minerals, is irregular, oving to the 
depth of the deposit. It may be all on the surface, and give only 100 
tons to the acre, or it may prove a bonanza miue, and give, including 
the gravel, 37,500 tons per acre. Often a small superficial area runs 
the deepest and yields the most. Taking the hard rock belt of work- 
able land, 35 per cent, of the maximum, or 9,375 tons of 2,240 pounds, 
as an average, is not an unreasonable expectation. Many will easily 
double it, and the Dunnellon company has a mine of sometlung like 
three-quarters of an acre, which has already produced 18,000 tons, not 
including the gravel. However, it should be borne in mind that, as 
a rule, the best mines are the first opened. The hard rock frequently 
crops out, showing large boulders on the surface, and covering one- 
eighth to one-fourth of an acre or more; then it will dip, inclining down- 
ward like the sliell of a turtle, assuming in outline the most erratic 
figures. Thus a mine may be oi>ened showing no overburden, but 
gradually the dip, as it widens, leads the deposit down until many 
feet of earth will have to be removed to uncover it. The lead is fol- 
lowed as long as the overburden is not too expensive to remove, being 
frequently followed 20 to 25 feet. Occasionally a mine will run per- 
pendicularly to a depth of 30 feet or more, and then lead off under- 
neath one of the walls of the mine. It may be ever so rich, but it can 
be reached only by removing that 30 feet or more of overburden, for 
level or tunnel mining is considered impracticable here, having failed 
wherever tried. Each mine is an original proposition in which the 
topography, the overburdeu, and the deposit itself must be considered. 
As the work advances new conditions constantly arise requiring judg- 
ment and promptness in their decision, for the operations may be at a 
standstill untU a conclusion is reached. Again, in the handling of 
such bulky materials, great foresight must be exercised in order to 
conserve the economies in the matter of labor, which is an important 
item. The superintendent of a mine should be a man of good common 
sense, practical ideas, quick in reaching conclusions, and in a meas- 
ure should have the natural talent of an engineer, without the impedi- 
ments of his instruments and figures. The scientific engineering in 
surveying the land, locating tbe deposits, outlining, planning, etc., 
must be done in advance, for after the mine is once opened there is no 
time for delay. Hard rock mining possesses advantages over drift 
mining in this, that it can be done without machinery, and may be 
carried on by a small or a large force, or may, with great advantage, 
be supplemented by horse power, even in a small way. In larger 
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PHOSPHATE DEPOSIT, 
CITRUS COUNTY, FLA. 



Q. S.—Quiek Sand. 

S. P.— Soft Phosphate. 

S. P. R.—Sift Phosphate ft 



Saaidlng raade aith a 20-foot rod. 
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Other depths show what mas found at the 
depth gioen. 

Oeneloped by 0. 0. Rosits. 
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operations etcam gives increased capacity with a corresponding redac- 
tion in the cost of mining. 

The cost of hard rock mining Is greater than that of drift or river 
mining, for the honldera maut he hlasted, hroken np, and taken oat by 
hand. At this point the steam hoist may take them, and the shattered 
fragments of the boulders may be crashed, washed, screened, and dried 
by mechanical devices, where such process is approved or is necessary 
to raise the percentage of phosphate or reduce that of the iron and alu- 
mina. In most hard rock mines only the simplest of machinery is in 
use. A steam engine and a cable hoist and trolley may be used, or sim- 
pler and probably better, an inclined tramway running down into the 
mine, asing dump cars as vehicles. Hard rock mines run very irregn- 
larly, scarcely any two being alike. Everything may be promising at the 
opening, and then, when least expected, difficulties obstruct the ad- 
vance. At times great columns of lime rock or sandstone, 20 to 30 feet 
high, and weighing one or two hundred tons, are found in the centre of 
good mines. These have to be worked around or blasted and carried 
out by piecemeal. Again, the hard rock boulders may alternate with 
large pockets of sand or clay, reducing the percentage of output. The 
miner delights in a good outcropping to start with, not so much that it 
gives him any particular assurance of a rich mine, but because he can 
get to work at once, and instead of spending days and weeks carting 
off overburden, he at once begins to pile np salable phosphate. 

The Istachatta mine in Hernando county, recently opened, has 
proved a bonanza of this sort. With the first day's work they began 
to take out the phosphate, which was of high grade, about 80 per cent., 
and ran very regularly with but little waste. After getting out 2,000 
tons one oonld hardly realize that so much coold come from so small a 
spac«, so compact bad it been In the mine. 

In hard rock mining, and this applies to all kinds of land mining, 
the first thing to do, and one of the most important, is to have the land 
to be mined thoroughly prospected and staked off, by means of which 
the outlines of the dextosit are traced and the overburden measured or 
marked upon the stakes, which serve as a guide in the work to follow. 
In this work two steel soanding rods 12 to 18 feet long are used, and a 
sectional auger of 20 or 24 feet. 

An extract from a report on a hard rock phosphate property, in Oi^ 
nis county, Florida, reads as tbllows: 

Description. — The general character of the land is high pine land, 
undolating, well timbered with pine. The soil is of a light sandy nature, 
changing into a loam a few feet below the surface and insome instances 
to clay; a waterbearing stratum is usually fouud at a depth of 40 to 60 
feet. 

Deposits. — On the 360 acres I have found 10 deposits, ranging in area 
&om one-eighth of an acre to 1| acres, having a total area of 5.64 acres, 
the total overburden ran^ng from an outcropping to 20 feet in deptii. 
A shaft having been sank in the largest deposit 42 feet, 32 feet of this 
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bdDg throQgli ft Btratam of flue grade boulder and grayel phospliate 
rock, the matrix in several iostauces was fooud to be No. 1 (the best 
grade of soft phosphate) with about 90 per cent, of gravel. Shafts 
were put down in several other deposits, all of which passed throngh 
20 feet or more of phosphate deposit. The amount of rock practically 
in sight on the 360 acres is 45,000 or more cubic jards; allowing 24 
cubic feet to the ton will give some over 50,000 tons of merchantable 
high grade phosphate rock, having an overburilea (including the 
necessary slopes) of 10,000 cnbic yards. 

The deposits are usually situated on a hillside, and in some instances 
15 feet above the level of a valley 200 feet distant, giving a decided 
advantage in removing the overburden and the rock over removing it 
from a deposit located in a valley. 

D. D. BooEBS, 

Immediately following are given various tables of analyses, account 
sales, etc., of Florida hard rock phosphate: 

ANALYSES OF A KITMBER OF SAUFLES OF FLORIDA HARD BOCK FHOSFHAIB. 
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ANALYSES OF SAMPLES FROM A CARGO OF HARD ROCK PHOSl'HATE FROU BKB. 
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A circular letter giving list of 10 cargoes of Florida hard rock plios- 
pbate, taken from account sales actually rendered to the compauy reads 
as follows : 

London, October 5, 1891. 

We have now thepleasnre to annexalist of all the cargoes of Dunnel- 
Ion hard high grade phosphate so tar received, arranged in the order of 
shipment, which we commend to your careful consideration: 
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Wyllee ahb Qoedon, 

£uropean Selling Agents. 
■ An analysis of hard rock and plate rock combined, an unusnallyflne 
sample, as made by the Pratt Laboratory, Jacksonville, Florida, is as 



CBBTiriCATE OF ANALYSIS, 
BecoTd So. 1E44. 

Sample &om Trenton district, Alachua county, Florida, received 
October 5, 1891. 
Marked — Average of 2 pounds of fragments ground together: 
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Respectfully submitted. 

PBATT IjABOEATORT, 

H. A. Peatt. 
Jaoksoktillb, Florida, October 6, 1891. 
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CHAP. I. — THE PHOSPHATE INDUSTRY OP FLORTOA. 4& 

Mr. George M. Wella, a phosphate expert and practical miner, who 
has had years of experience in the South Garolioa mines, and who haB 
been until recently the Buperintendent in charge of the extensive min- 
ing operations of the Dnnnellon Phosphate Company, gives the 
following experience and views of Florida hard rock phosphate: 
Mr. WdlB says phosphate mining requires the greatest care and atten- 
tion, and that every particle, be it boulder or gravel, should pass under 
the eye of an expert, a clear light and a keen eye beipg necesaary to 
detect the foreign matter and imperfections; and all this care must be 
exercised in the mines at the original handling, in order to save waste 
of labor. The white sand around Dunnellon and the snowy whiteness 
of mach of the phosphate there made the glare very severe upon the 
eyes. The glare soon affected the eyes of those unaccastomed to it, 
making them weak and sore. They undertook to overcome this serious 
difficulty by the use of colored glasses, but these, while relieving the 
eyes, so confused the colors that they could not select the phosphate 
with any degree of certainty, and the use of glasses had to be aban- 
doned. In the same mine many formations are found which resemble 
phosphate BO closely that the miner must be always on the lookout 
to detect the genuine article; again, there are differences of quality 
which must be considered, separating the high grades, which are taken 
by the foreign market, feom the lower grades, which go to the domestic 
marketj again, Bome rock mns bo low in phosphate, or so high in iron 
and alumina, that it must go to the dump or waste pile, without any 
immediate prospect of being utilized. After this separation of grades 
comes the preparation for market, which requires great care, and must 
be well done in order to secure the degree of uniformity essential to a 
proper estimate of the phosphate. By exercising great care a number 
of cargoes have been secured which averaged about 79 per cent, phos- 
phate of lime. The foreign bnyer is very exacting in this respect^ and 
where proper diligence is not exercised the analyzed percentage may 
be so much reduced as to involve serious loss. After removing the 
overburden Mr. Wells thinks a net yield of 25 per cent, of the remain- 
ing mass will be a good return; the remaining 75 per cent, will be made 
up of sand-clay, sand, flint, and lime rock, and other foreign matter, 
with some low grade phosphate running too low to have any commercial 
value, the labor of separating being too expensive to warrant it. He 
says it is very difScult to estimate a mine, but in a given superficial 
area of, say, lacre, thephosphate running well and as deep as the min- 
ing can be done to advantage and with profit, the mine may in some 
exceptional cases yield 15,000 to 20,000 touB. As an average, taking all 
the mines in a given territory, they will run from, say, 200 tons to 8,000 
and 10,000 tons per acre. This refers to hard rock; but to some mines 
it is absolutely impossible to apply any given rule, for in some cases 
the rock is all hard and comes regularly, while in others the phosphate 
20616 4 
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may be more or less miied,as already described, with base and foreign 
matter. Again, in another mine, the matrix and cavities may be 
actaally stnffed with gravel and fragmentary phosphate, which, aft^ 
vasbing, screening, and drying, will ran np to 75 and 80 per cent, and 
find a ready market. 

As to cost of mining hard rock, Mr. Wells thinks it quite impOBSible 
for any one to mafae a trustworthy estimate. 

He had opened a mine which lay so favorably — the prospecting having 
disclosed an abundant deposit close to the surface — that he expected to 
be able, by the free use of dynamite, to get it out for abont (1.60 per 
ton, but after starting work the presence of hard foreign matter and 
the time and care necessary to separate the good from the bad, ran the 
cost np to abont $3 per ton. 

Oravd MTeeiungt. — ^Intermixed with the hard rock and generally con- 
Htitnting more or less of the matrix, in some cases covering the walls 
of the-mine like so much stucco work and filling the banks so full that 
it is difhcnlt to understand how they conld hold any more, and often 
overflomng the mine and forming a drift for severEil acres around it, is 
found a fragmentary phosphate, or what is now more generally denomi- 
nated the gravel or gravel screenings, which at first was so lightiy 
esteemed as to be considered of doubtful value and was thrown 
aside, trusting that at some fature time there might be a demand for it. 
Even the first small shipments, in an experimental way to foreign 
markets, were not well received, and explanations had to be made 
whyitlmd been sentinlieuof the boulder product which they expected. 

At last, when its true value and importance were generaUy conceded, 
it came to the mining companies almost as a gratuity, for it constituted 
a considerable percentage of the matrix of all hard rock miuea and 
must necessarily be taken out. 

Its proper preparation involved the purchase of a steam plant for 
washing, screening, and drying. Some few still dry it in kilns, but the 
complete machine plant, including the dryer, has the advantage of re- 
quiring but one handling, as in that case it goes directly to the storage 
room from the dryer. The process may be still farther extended and 
cheapened by loading it into the cars by gravity, when taken from the 
dump; the entire process, probably, not costing mote than 75 cents to 
. $1 per ton. 

Of so much consequence has this branch of hard rock mining become, 
that now nearly all the mines are supplied, or are being supplied, with 
steam wwber plants as necessary adjuncts to their business, and most 
of the mines are now engaged in working off their accumulated gravel 
found in the dump. After this is finished it is probable that the two 
processes — ^boulder mining by hand and the preparation of the gravel 
by machinery — will go on simnltaneonsly, or what is regarded as 
better and in the line of a higher grade of product, the bonlders will 
be passed through a crusher, thence with the gravel through the 
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vasher, etc., and all delivered together in a finished state into the stor- 
age room, thus secuiiiLg at the same time both uniformity in size and 
analyaia. In thia ooaditioii it also admits of cheaper, and more con- 
venieut and expeditioos bandiing at the seaboards by elevators, etc. 
Several companies are already doing this, and the advantage is so 
t^parent tiiat no doubt all will sooDcr or later adopt it. 

This gravel, varying in size ftom that of a grain of coffee to about that 
of a luckory nut, now and then nioning into Qragmentary plate rock, la 
nothing more nor less than the abraded and fractured particles of the 
bard rock boulders, which were undoubtedly ground together by some 
natnral cause as yet unexplained, or, as many believe, by some mighty 
upheaval which once disturbed this peninsula. However that may be, 
all agree that the gravel is the shattered fragments of the boulder rock. 
Like the bonlder rock the gravel is generally hard, compact, smooth, and 
heavy. The base matter adhering thereto is almost entirely confined 
to the Burfaces and freely yields to the washing process, through which 
it is at once raised to a level with the bonlder rock in its high percent- 
age of phosphate of lime, and in some cases actually surpasses it. 

The gravel, therefore, being sabatantially the same^it is easy to nnder- 
stand how, by this improved washiuR and scouring process, it has in 
point of high grade taken rank 'wtth the hard rock bonlder itself, 
both now being sold in market on terms of perfect equality. When the 
crusher is used and both kinds mingled together, as la now done by the 
Florida Phosphate Company, the combined product is made to give an 
average of 80 per cent, phosphate of lime. 

This general ntilizing of the gravel baa put a new phase upon hard 
rock mining, materially reducing the cost and greatly increasing the 
yield of the mines. 

Plate lock. — As described in another place, the plate rock field is a 
belt by itself, with the same general trend as the main belt, ranning 
from about north-northwest to south-southeast. 

It lies almost wholly within Marion county. In extent it is the 
smallest of all the deposits, being about 30 miles long, with an aver- 
age width of aboat 3 miles. The peculiar rock from which it takes its 
name is plate like, the rock resembUng the broken fragments of astack of 
plates. The broken pieces are of angular form and vary irom 1 to 6 
inches in breadth. In thickness they vary from one-fourth of an inch, or 
even less, to fuUy 1 inch. The rock is heavy and hard, andis often worn 
smooth and white like ivory. A dean, sound piece will ring when struck. 
The prevailing color is cream and yellowish when taken frx>m the mine, 
bat it bleaches rapidly. Occasionally it is found stained like eomeof the 
hard rock. If it is borne in mind that this is evidently adrift fixnn the hard 
rock belt and is the shattered and broken remnants of broken down 
botdders of laminated phosphate, it will niake plainer this description. 
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AcoompaDying the larger fragments there are quantities of smaUer stuff, 
shattered and ground into innamerable shapes and in size from that of 
a grain of rice up to that of a hickory nut, Kov and then a small boul- 
der may be fonnd, the largest being abont the size of a nail keg. Very 
little soft phosphate has been found in the plate rock belt. The plate 
rock proper washes and bleaches quite white and is left in a beantifnl 
mechanical condition. After its breaking up it lost in the percent- 
age of phosphate of lime and gained in iron and alnmiha; but for this 
contamination, which comes from the exposure of so much more surface 
in its fragmentary form, it would grade much higher. By the process 
now in use, however, considerable improvement has been made. Ship- 
ments have averaged 75.63 per cent, phosphate of lime and 2.80 per 
cent, of iron and alumina. 

Plate rock offers great opportunities to mechanical appliances, and 
no doubt the improvements, which, with eiperieace, maybe reasonably 
looked for, will raise the standard still higher. The difficulty, evidently, 
lies in the adhering matter, and the scouring, washing, rinsing, and 
drying process through which it is carried operates both ways, at the 
same time raising the percentage of phosphate and reducing that of 
iron and alumina. A demonstration of this may be seen in the follow- 
ing analyses of unwashed and washed plate rock : 

AlTD WASHBn PLATE 
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Owing to the singular formation of the rock, the mining mnst be 
done by band. A cable hoist and trolley receives it when mined, and 
from the cable hoist it is dropped into a large hopper, thence by grav- 
ity it passes into a trough 30 feet long and about 3 J by 4 feet in width 
and depth, filled with water, in which revolves a log-washer or screw 
conveyer, which agitates, pushes, and shoves the entire mass up a 
slight incline, and against a powerful current of water, by which rub- 
bing process it is thoroughly scoured and cleaned. From the log- 
washer it goes into a cylinder-washer about 16 to 24 feet long and 1 
feet in diameter. This is filled with teeth, which agitate it, and with 
angular plates, which carry it forward into another cylinder-washer 
or rinser, and thence to the drier, after which it is ready for shipment. 
This plate rock formation is both peculiar and wonderful, and simply 
aa a matter of interest and curiosity is well worth a visit from those 
interested in geological research or natural wonders. 

As the overburden, which may be from 2 to 10 feet deep, is removed, 
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gradually there comes into view the rounded projections of water- 
worn limestODe, dotted all about and of various sizee, and in shape 
resembling somewhat the surface of inverted cups and sancersj 
but as the work of removing the overburden proceeds they de- 
velop into the general shape of a sugar loaf. TJeually they are 
solid, but freqaently they contain hollo irs with a clean, smooth cut 
Borface like that of a bored well, and from 18 inches to 3 feet or more 
in diameter and from 8 to 25 feet deep. These well-like holes are filled 
with the phosphate and its matrix of sand or clay. One very deep 
pocket of this sort was seen near Anthony, out of which 125 tons of 
washed phosphate had been taken. Often these- spires are grouped 
together and the large intervening spaces form pockets. In and about 
this erratic formation is found the phosphate drift, which, intermixed 
with the sand or clay, settled into a pretty well defined stratum, which 
must be worked by picks, spades, and shovels, and in close places with 
the hands. The sand matrix is readily washed out, but the clay is 
more obstinate, often forming into balls, from the size of a marble to 
that of an orange, in the washer or revolving cylinder. The more it is 
rolled the harder it gets, and must be picked out by hand. There ap- 
pears to be no particular affinity between the phosphate and limestone, 
and there is no commingling, the line of demarcation being distinct. 
From its accessibility and limited area, the plate rock field has been 
more carefully prospected than any other, and the lands located with 
more discrimination. For that reason it is believed that the plate rock 
phosphate area will reach 15 per cent, of the total phosphate area. 
The yield is about 2,500 tons per acre. Near the town of Anthony, 
in this belt, ten steam plants are now in operation. The largest of 
these, that of the Compaguie des Phosphates de France, costing $10,000, 
with an output of 75 to 100 tons per day, has just commenced work, 
and by its powerful and improved machinery has already raised the 
quality of its product to about 78 per cent, phosphate of lime, demon- 
strating tlie possibilities of plate rock as already foreshadowed in this 
report. It is quite safe to say that the maximum has not yet been 
reached. 

An analysis of plate rook by its subdivisions, by O. Grothe, Ph. D., 
of Ocala, Florida, follows : 

Sample 1 was of large plates, constituting one-tenth to one-fifth of 
total; sample 2 was of the next larger fragments, constituting about 
one-tenth of total; sample 3 was of the next size of fragments, eon- 
stitnting one-tenth to one-fifth of total; and sample i was the very 
fine pebbles or fragments, constituting one-half to three-fourths of 
total. 

The result shows the increase of percentage of iron and alumina and 
moisture carried with the increase of surfece exposed, and a corre- 
sponding reduction in the percentage of phosphate of lime. By the use 
of improved machinery it is hoped to raise the average of phosphateof 
lime audreduce that of iron and alumina. 
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AHAXZSKS OF FOUR SAMPLES OF FLATS BOCK. 



Conitltoento. 


SuipleL 


Sample 2. 


Samples. 


Sample i. 


A„^ 




"Too 

2.W 


1.06 


1.83 


Pb-«t.(. 
TO. 03 


Percent. 















Sample 3, by Jiy basis, gave 76.56 per cent, of phosphate of lime and 
4.41 per cent, of iron and alnmina, while sample 4, by dry basis, gave 
J3.49 per cent, of phosphate of lime and 6.27 per cent, of iron and 
alumina. 

An analysis by B. F. Oibbens of one shipment of plate rock pboa- 
pfaate shows the following percentages of phosphate of lime and iron 
and alamina : 

AHAXTSIS OF ONE 8HIFMEHT OF PtATE BOCK. 



Phospbaie of lime. . ■ 



Lnmediately following is given an estimate of the mnning expenses 
fbr one day of a plate rock mine producing 30 tons per day and asing 
machinery: 

EUNHIirG EXPEirSES PEE DAT OF A PLATE BOCK HIKE. 
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Composite ph«pliate. — The composite belt is so denominated becanse 
the phosphate there found is of two kinds, the hard rock boulders, as 
found in the hard rock belt proper, though in smaller quantities, and 
drift surrounding the boulders, often covering many acres, composed of 
plate rock and gravel BcreeniDgs, as described elsewhere. At LuraTille, 
in Suwannee county, where it was first discovered, this singularity 
was marked. South of Luraville, on the Steiuhatchee river in Lafay- 
ette county, the same general features are observed, though the land 
lies lower and the phosphate is somewhat adoltei'atedwitb sandstone, 
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iroB, etc. In the Trenton region, in tlie western part of Alachua and 
Levy counties, the drift covers large areas; the boulders are not so 
pronounced as at Luraville, yet they are as large as a floor barrel, and test 
pits showed good hard rock ; but what the deposits lose in the boulders 
they make up in the drift, which in one case is said to cover 70 acres, 
though this is exceptional. The Luraville and Trenton deposits are 
both of good quality. 

The percentage of area is fair, and the yield is placed at an average 
of 3,000 tons per acre. 

With boulders and drift formation in the same land, the cost of min- 
ing ahoold not be expensive, for machinwy can be and is utilized with 
great advantage and to the satisfaction of those having charge of the 
nuning operations in this field. 

An^yses of samples of composite phosphate from the Trenton region 
in Alachua county, foUow : 
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Soft phoBphate. — ^The sofb phosphate is found in both clay and sandy 
land and in the form of bed-like pockets, and again as a part of the 
matrix of the several classiiications of hard rock, but most frequently 
of the hard rock boulder. In consistency it closely resembles floe clay, 
is usually moist, compact, and heavy, and there being very little waste 
the yield is large. 

Like the hard rock, it is found in several colors. White, cream, yd- 
low, brown, and gray are found, but the predominating color is white. 
Like all other phosphates, no matter what the original color may have 
been, it all bleaches more or less to a white or light gray. To the touch 
it is soft and agreeable. The lower grades are adulterated with sand and 
clay, and are more heavily charged with iron and alumina. In weight 
it is somewhat variable, though the most of it is quite heavy, but there 
is a kind which comes oat in lumps, which, both in its color and ex- 
ceeding lightness, resembles magnesia. In quality it is more fluctu- 
ating than any other kind, ranging from 40 to SO per cent, phosphate 
of lime, but will average about 65 per cent. It shows from 3 to 11 per 
cent, of iron and alumina, the average being about 7 per cent. . 

One kind has been found that seems to be in a transition state. 
In the mine it is soft, but tenacious, and can be cut with a knife 
like soapstone. With a few days' exposure it becomes bard, can 
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be broken into lumps, and shovelled aboat like coal. It is of flue qual- 
ity and can be burnt and ran in with the hard rock. There is another 
variety which is chalk-like and granular, and predisposed, like soiueof 
the softer kinds, to disintegrate and fall apart in handling. This is 
claimed to be especially fine for use in the raw state. Experience has 
not yet demonstrated the difference in solubility and available phos- 
phoric acid, but it is generally believed that it gives better results than 
any other kind of raw phosphate, or even ground hone. 

This soft phosphate in its several varieties, which are probably more 
the result of soil stain and adnlteration than anything else, and which 
in the form of pockets, down among the boulders, or as a matrix, occur 
so frequently in hard rock mines, was in the earlier days of Florida 
mining entirely r^ected, tens of thousands of tons having been thrown 
aside as worthless and unmarketable. The fluctuations in quality, as • 
to percentage of phosphate of hme and iron and alumina, were against 
it, and the manufacturer found it difficult to reduce it to the desirable 
mechanical condition for his trade, olalming that mauipulation made it 
adhesive and paste-like. 

In the meantime the farmers, truckers, and fruit growers of the state 
were giving it a practical trial as a natural fertilizer in its raw state; 
and the consensus of opinion is that it is a manure of surpassing vir- 
tue, and for the purpose of restoring exhausted lands and old worn out 
farms, is the cheapest and at the same time one of the best of fertil- 
izers. 

Dr. Pratt says of this soft phosphate, " It will come into general nse 
as a cheaper fertilizer, to be used in greater abundance and with great 
permanent benefit to the land." 

Extended inquiries and observations, covering a number of counties, 
appear to demonstrate another fact — its value as a simple application 
or dressing to a growing crop. 

During the protracted drought of 1891, it was noticed that the trees 
and crops treated with soft phosphate endured the trying ordeal much 
better than others, whether manured or unmanured. The increase in 
the yield of cotton, in test rows manured with soft phosphate, was 
marked, and proved the phosphate t« be better than animalmanure and 
standard fertilizers, and the result could only be accounted for by the 
property the jihosphate possesses for absorbing moisture. It is esti- 
mated that the rock phosphate will take in from 6 to 16 per cent, of 
moisture, while the soft, says Dr. Pratt, will absorb fix>m 30 to 40 per 
cent., which explains its apparent superiority. If, as surmised, the 
phosphate attracted and continued to attract, and treasured up suf- 
ficient moisture to carry these crops safely through the drought, further 
expmments should be instituted in order that the truth may be defi- 
nitely ascertained. 

The French farmers, who are among the most successful and gener- 
ally prosperous of any in the world, use more than 200,000 tons of 
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ground raw phosphate per aniiam. It is also used in Qermany and 
other countries with advantage. Their practice shoald at lea«t encour- 
age the planters and farmers of our own country to give it a &ir trial. 

The agricultural experiment stations of the sever^ states can be of 
great Berrice iu the matter, and a series of experiments by them would 
soon establish the true vidae of soft phosphate. These experiments 
shoald test its value in the raw state, both alone and in combination 
with muck, barnyard and other manures, potash, ete. 

Soft phosphate has been located in considerable quantities inde- 
pendent of that referred to in the hard rock mines, but it was gen- 
erally condemned owing to ignorance of its real worth. Miners are 
just beginning to give it the attention it deserves. The limited number 
who engaged in mining it have gradually worked up a very good home 
•lemand, which is steadily increasing, and judging by the results already 
brought about and the manner in which it is growing in popular favor 
at home, it is no doubt destined to occupy a much wider field. 

Soft phosphate is usually miaed with picks, spades, shovels, and horse 
carts and closely resembles clay in handling, being about as heavy and 
as hard to dig. This is a simple and not very expensive process. When 
a deposit is struck, it usually runs regularly and yields enormously. 

The yield per acre, inclusive of the large quantities taken out of the 
hard rock mines, is placed at 5,000 tons, which Is believed to be a rea- 
sonable estimate. 

In the land pebble field the soft phosphate is of a different character 
from that already described. The matrix is a soft, porous marl or lime 
rock impregnated with soft laud x^ebble in considerable quantities, 
through which the entire mass has probably become phosphatazed. It 
is readily worked, yields well, and has given good results wherever 
tried. 

Analyses of various samples of the soft phosphate now being mar- 
keted, follow : 



ANALYSES O 



OF SOFT PH08PHATB. 





oountj. 


tory. S»m- toIT- 8Bm. 
plBBfrODiMt pfeafrom 
Hoaoonnty. Leryoounty. 


■*^x 




.20 

26! SO 
29.40 
64.38 
a.7» 

2:40 


■ Ftrctnt. FtretnU 


r«r«m(. 






















6a: 16 1 4B.'6« 
4.(S 1 14.02 


1:!l! 


























Vi 




















1 





, Gooi^le 



58 SPECIAL REPORT OF THE C0MUIS8I0HEB OF LABOB. 

The foltowiDg table showing the increase in the soit phosphate sold 
in Florida for home ase, since its introduction in 1890, may be of 
interest. This phosphate is either applied directly to the soil in its 
raw state, or composted with muck, barnyard, or other manures. In 
addition to this home consumption, a quantity has been shipped out of 
the state for experimental purposes. This phosphate is simply dried, 
or dried and ground, and is sold on the basis of a ton of 2,000 pounds. 



on ANTITY AND VAIBB OP SOFT PH0SPH4TK SOLD FOR CONSUMPTION IN FLORIDA 
IN THE TEAKS KM, ]8»1, AND 18»2. 
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land pebble. — The land pebble phosphate is a formation distinct from 
the others. It is pebbly, as its name indicates, is of BmaJl size, and is 
somewhat lighter in weight thaa other forms. In «olor it varies from 
cream or yellow to slate, brown, or gray. When well bleaehed much 
of it is snow whit«, and of varied degrees of hardness. This pebble 
mns in size from what is called pin head up to the size of a pea or beast, 
and even larger. Often the soft pebbles have mn together, forming 
conglomerate baUs of various sizes and shapes, the largest measuring 
several inches in diameter. This applies to the drift. In that of ani- 
mal origin the fossils are of all sizes, from the tiniest shell-Ash or tooth 
to the remains of the Bea-c!ow, mastodon, or elephant. Through all the 
formations here, as elsewhere, but more generally here, sharks' teeth 
and other fossil remains are constantly met with. After close obser- 
vation the conclusion has been reached that they are merely incidental 
to the several deposits, but not the direct cause of them, as appears 
to be the case on the Sopehoppy river in Wakulla comity, and also 
on the Galoosahatchee. These fossil remains, though they must have 
been qnite generally distributed over the entire peninsula, have almost 
wholly disappeaj^d, save in these phosphate helds, and occasionally in 
the beds of rivers. Even in the limestone formation only the casts of 
shells bear witness of their former existence. This leads to the ooncla- 
aion that to the natoral aflSnity between the fossil bones and the phos- 
phate, and the preservative properties of the phosphoric acid, we are 
indebted for the large quantities of such remains found intermixed 
with the phosphate. Bat large as are the quantities of fossil remains, 
not enongh have been seen in the entire state to account for a fraction 
of the phosphatic deposits discovered. 

This pebble came as drift, and after removing the overburden, 
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wMch ia from 2 feet to 10 feet deep, tbe pebble-bearing stratum is 
' reached. 

The matrix is of day, sand, and occasionally a soft kiud of rock, but 
whicheTer it ia, the pebble is found well distributed and thoroaghly 
incorporated with it In acme places the deposit is richer than in 
others, but little difficulty ia found in following tbe lead, as long as the 
pebble holds oat, for the tendency of phosphate, even in drift, is to 
concentrate and mn together where possible. 

The sand matrix gives way readily, bat the clay is generally stifi' 
and tenacious. The rock, when dried and crushed, yields up the peb- 
ble without much troable. 

In mining the pebble, the stumps and roots of trees, lime rock, and 
other foreign substances are removed to one side, and the mass that is 
left is dug down with picks and spades, and conveyed, just as it is 
shovelled up, dirt and all, to the plant, where it is damped into a disin- 
tegrator and afterwards put through one or more washings. Thence 
it goes to the drier, from which it passes through a screening process 
and is finally landed in the dry bin. 

The thickness or depth of the phosphate deposit varies considerably. 
Some claim a very great depth; bat for practical working, the experi- 
ence of miners places it generally at from 3 to 6 feet, sometimes a little 
more. • The dirt yields aU the way from 10 or 15 per cent., to as much 
as 66 per cent, in exceptional cases where pockets have been formed. 
For paying durts, 20 per cent, is considered as aboat the minimum yield, 
and 30 per cent, is a very good average. 

A number of analyses of the pebble gave an average of 67.07 p^ cent. 
of phosphate of lime, and 3.76 per cent, of iron and alumina. 

Some of the largest and finest plants in the state are to be found in 
the land pebble belt, and they have succeeded, under the direction of 
intelligent and skilftil management, in increasing the perc^tage of 
phosphate of lime, and reducing that of trou and alumina. 

A novel system of mining was adopted at Phosphoria by a large 
English company. Phosphoria is in the high pine woods, 140 feet 
above the level of the Gulf. This company buUt a fleet of barges which 
were 60 leet in length, about 20'feet beam, and 5 feet depth of hull. 
Oue of these barges was supplied with a powerful steam shovel of the 
size and pattern used in harbor improvements. This was set to work, 
and in a little while the springy waters, with which the land was 
charged, began to x>our in, and within a short time there was room 
and water enough to launch and float the barge. The work was then 
continued until the canal was sufiQciently long to accommodate the 
fleet, with the prospect of quite a navigable stream in a year or so. 
The plant of this company is on such a scale that it can take every- 
thing the shovel dumps into the hopper. The dredge follows the drift 
of the deposit, excavating the phosphate, and securing artificial navi- 
gation at one and the same operation. 
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Tbe Bartow Fbospliate Company is asing with great sncceas the steam 
clam-sliell folding dipper, operated from a ear on a railroad track, -wMcIi 
18 prolonged over the laud laid out to be mlaed. The foldlug lever, to 
whicli the 5-ton dipper is attached, works on a pivot and moves over 
a semicircle of about 26 feet. On one side of the excavation made, the 
orerborden or dump is discharged, and on the other, the workable dirt 
is deposited in cars on a side track. As the work progresses the steam 
shovel retires, leaving behind it an enormous ditoh, resembling a canal, 
which rapidly fills with water, • 

Where there is nothing but a sandy matrix, a centrifugal pump has 
been substituted for the dipper. A powerful stream of water is played 
upon the matrix, with the purpose of disintegrating the mass as it 
lies, then another pump raises it, after the manner of the river mining. 
In clay or rock matrix this method has not given satisfaction, though 
experiments are still being made in that direction. 

Land pebble mining offers a wide range for inventive genius, and 
improved machinery is being introduced as experience and experi- 
ments warrant a change. 

This land pebble is found chiefly in Hillsborough, Polk, and De Soto 
counties, with considerable indications in Manatee county; and as may 
be seen from the map, the field is of great magnitude, and a most im- 
portant and valuable accession to the phosphate supply. It shares 
with the other fields in the fiivorable consideration of experienced pros- 
pectors and operators. 

Bartow, a thriving south Florida town, is the business centre of the 
land pebble belt, and Tampa the principal shipping port Like all 
phosphate lands, the area of land pebble varies much, depending upon 
the care and judgment exercised iu its selection. The yield in some 
cases will be found enormous; but for a located plant, working all the 
paying dirt in reach, 2,250 tons per acre will be found a fair average. 
Aa land pebble mining admits of a free use of machinery, the cost should 
probably be the lowest, save that of the river pebble. 
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The average resalt from 36 analyses of balk samples (of a Imlf ton 
each], taken from variODs parta of the deposit, vas 67,35 per cent, of 
phosphate of lime and 2.27 per cent, of oxide of iron and alamina, as 
analyzed by C. Knberger of Germany. 

ANALYSES OF VARIOUS aiMPLES OF LAND PEBBLE FBOH POLK COHNTT. 
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Immediately following are shown the estimated rnnning expenses per 
day of a land pebble mine using machinery and producing from 40 to 
60 tons per day: 

BUNNIHQ EXPENSES PES DAY OF A LAND PEBBLE UTNB. 
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Biver pebble. — The river pebble is so denominated becanse it is found 
in the beds of rivers and their tribntaries. It was first discovered in 
Peace river, but has since been found in the Alafia, Mrmatee, Miakka, 
Caloosahatchee, and. Withlacoochee on the Gulf slope, and in the 
Black river on the Atlantic slope. The Peace, tie Alafla, and the 
Black river deposits are of the same general type, and are now gener- 
ally believed to have had their origin in the land pebble, which it 
much resembles in shape and size, though it is generally smoother, and 
grades down in size the further it is found from the source of supply. 
This is due, no doubt, to abrasion and wear from b.eing so often moved 
in great bodies by the annual floods and changes of the channel, as 
well as the erosion ftom the never ceasing flow of the river currents. 
In size it varies Irom less than that of a broken grain of rice up to that 
of a pea or bean, and is often as large as a hickory nut, though a pea 
or bean more nearly approaches the average size. Mixed with the mass 
may be found large quantities of fossU bones and teeth, varying in siie 
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firom a delicate, ivory-like point almoet as sharp and not muoli larger 
tban a needle, up to the tusk of a prehistoric elephant, 7 feet long. The 
shape is irregular, being sometimes round and nodular, sometimes flat 
and kidney shaped, and sometimes jagged and angular •with rounded 
points and corners. In color it is gray, brown, slate, and blac-black, 
the blue-black being the most common. 

The marked variation in color is in some way connected with the 
action of the water, for whenever it has been submerged the color 
darkens, being the darkest in the rivers where it has lain the longest. 
Some attribute it to the tannic acid drawn from vegetation by the 
water. To whatever it is due, the stain or dye with which the riv^ 
pebble is colored is most enduring, not being eradicated even by the 
drying process in which it is made red hot. 

The rapid current of the Peace river has often cut off points atid el- 
bows and thereby changed its bed. In prospecting at some distance 
from the present stream, with a heavy forest growth upon the land, the 
old river bed may be readily distinguished by the stained and dis- 
colored pebble, which, notwithstanding the lapse of time, baa bright- 
ened little more than a shade. 

The river pebble is heavier and harder than the land pebble. This 
also mnst be attributed to the petrifying action of the water. Ohem- 
ically, the pebble has been reduced both in phosphate of lime and 
iron and alumina. The average analysis of well prepared river pebble 
shows about 62 per cent, of phosphate of lime and less than 3 per cent, 
of iron and alumina. It has the advantage of running more regularly 
than any other kind of phosphate, and its superior mechanical condi- 
tion is highly valued by the manufacturer. This pebble is not found 
distributed continuously in the beds of the rivers, but finds lodgement 
in the basins, holes, and cavities cut in tlie stiff clay, marl, and soft 
limestone, in the bends and eddies, and in the great shoals that form 
here and th^e like sand bars in other streams. It is said that more 
than 5,000 tons were taken from one bar, which was estimated to be 18 
feet thick and 200 feet long, but these rich bars are found only occa- 
sionally. 

In addition to the accumulation of centuries, now found in the beds 
of the rivers, the yielding banks are continually contributing more or 
leas to the general stock. Frequently the dredges find the lead of an 
ancient river bed, and follow it into the banks as far as the growing 
trees will allow. 

The Withlaooochee river runs through the hard rock belt, and the 
pebble mined in that stream is clearly the fractured and abraded frag- 
ments which correspond with the gravel screenings already described. 
From time to time it has been swept into the river, where it has 
become waterwom and undergone a change of color somewhat similar 
to the Peace river pebble. Owing, however, to its hardness the coIot, 
instead of being so black, is olten of a dark greenish hue. 
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The pebble foand in the Oaloosahatchee is largely of aBimal orig^, 
and appears to be yosnger in point of age. 

As in the other rivers, foasil bones and teeth of many sorta and sizes 
are found in abundance. 

JBiver mining is caiTied on almost wholly by machinery, and requires 
more skilled and less unskilled labor than any other kind. Instead of 
the dipper, the steam dredges are supplied with an 8 or 10-inch cen- 
trifuge pnmp, attached to which is a flexible suction pipe, suspended 
from the end of a boom rigged to a mast, and swinging over a semi- 
circle of about 20 feet at the bow of the dredge. By means of guide 
ropes and pnlleys one man works this with ease. This powerftil pump 
raises several thousand gallons per minute. It is estimated by some, 
that with the water, it will raise 15 per cent, of solid matter, and that, 
of the solid matter, for each 8 or 10 tons so raised, one ton will be pebble 
phosphate. 

The pump can raise anything not too large for the suction pipe. The 
pump discharges into a revolving wire screen about 10 feet long and 4 
feet in diameter on the upper deck of the boat. This screen separates 
the pebble from the base material. The pebble comes out thoroughly 
washed, and is delivered into a lighter, moored alongside of the dredge, 
while the water and waste material, which is principally sand, is 
carried through a 12-inch waste pipe the fliU length of the boat and dis- 
charged on whichever side may be most convenient. As the lighters 
are loaded a small steam tug takes them in tow and delivers them at the 
plant, where an elevator carries the pebble te a tower or wet bin, from 
which it is carried, usually by gravity, to the dryer. When dried the 
pebble is again takrai by an elevator, passed through several screenings, 
and then deposited, being in a very fine merchantable condition, in the 
dry bin or storage room, from which it is carried to the cars by gravity, 
where several hands shovel it about and level it as it is loaded. Thus 
the loading is made a very simple operation. A first class river pebble 
plant may cost all the way from f 10,000 to $75,000, or even more. This 
includes tugs, lighters, etc. The wear and tear on the macluDery is 
great, owing to the dust and sand cutting out beariugs and wearing 
away other working parts; but after the establishment of the plant the 
cost of river pebble mining is the cheapest known. 

After the discovery of Hie river pebble, the state undertook to ex- 
ercise its sovereign righte over these rivers as being a part of its 
navigable waters, and by law imposed a royalty on all river mines. 
According to the classification under said law, the following royal- 
ties were to be paid on all phosphate taken from the rivers of the state : 
On phosphate not exceeding 55 per cent, of bone phosphate, 50 cents 
per ton; on phosphate exceediog 55 per cent, and not exceeding 60 per 
cent, of bone phosphate, 75 cents per ten; and on phosphate exceeding 
60 per cent, of bone phosphate, (1 per ton. 
However, prior to the assertion by the state of this right to impose 
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a roytdty, iDdividnals and companieEi bad bongbt np the lands on both 
banks of these severaJ streams, with the purpose of coDtrolling the 
riparian rights to the river beds, ander the general lair. As the rirers 
were generally narrow, and only in a few places had been meandered 
by the United States survey, issne wae joined by the companies, who 
declined to pay royalty on any save the meandered territory. This the 
state refiises to concede, and the matter is now in litigation. This does 
not interfere with the mining operations, as the companies have given 
bond, are generally responsible concerns, and keep a correct account of 
the number of tons mined and shipped. Should the state be sostained, 
the extent of river mining territory will be about as follows: 

LiDWr mlks. 

Peace river 1«J 

Alafla river 17i 

Black river U 

Caloosahatcbee river 30 

Mlakka river 15 

Uanatee rivet 10 

Withlacoochee river 30 

Total 263 

The.estimate of yield is based partly on observation of the impres- 
sion made on river territory already mined for a considerable period, 
and to which the dredges have returned a second time, and partly upon 
the average of 1,000 tons per acre, as computed by some for river min- 
ing. On this basis the 263 miles of river, allowing a general average 
width of 35 yards, would give about 3,347 acres, and, deducting 25 per 
cent, for unworkable and unprofitable territory, we will have 2,510 
acres, which, at the rate of 1,000 tons per acre, will give a prospectiTe 
aggregate yield of something like 2,500,000 tons. 

Objections may be urged against this and other estimates given in 
this report that they are not suflQciently specific. 

In answer it may be said that this is the first time anything approach- 
ing a definite estimate has been attempted, and that generalities are 
here dealt in as little as practicable. Hitherto, where writers attempted 
any description of the extent of the several fields, they have used soch 
sweeping expressions as " eshaustless," " no bottom," " no end to it," 
and " the entire state is nnderlaid with it," and the average yield per 
acre has been placed by them at such fabulous figures that, to say the 
least, they were gross exaggerations, unwarranted by the facts. 

The estimates herein given are based upon something tangible at 
least, and are intended only as an approximation to the true result as 
it may be revealed by time and experience. 

Their comparative accuracy and reasonableness are based upon the 
experience of a number of practical miners and upon many months of 
painstaking observation, including measurements of groaud upon which 
the several kinds of mining bad been done and the aacertainmeut of 
the actual qaantity of phosphate taken therefrom. 
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The scope of this inTestigatioB is intended to apply only to the work- 
able deposits, whlcli can be mined with profit &om a strictly economic 
and practical staudpoint. 

Immediately following are given Tarions analyses of the river pebble 
phosphate &om the Peace river district: 



ANALYSES OP 8BTKB4I, CAKGOB8 OF EIVBE PEBBLB PHOBPHATB 
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\ ji estimate of the running expenses for one day of a river pebble 
mine, nsing machinery and two dredges, with a product of 76 to 80 tons 
per day, is also given: 

SUmimG XSFEN6S8 FEB DAT OT A KTVEB FSBBLB HXNZ. 
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A gmloj^cal wonder. — ^Four miles south of Dade City in Pasco county, 
and near the southern limit of the hard rock belt, is Tate's shaft, in itself 
a curiosity and a study, and which, fix)m its peculiar and surprising com- 
bination of formations, constitutes a geological wonder. It was a pros- 
pecting pit started in a fit of desperation by Mr. H. 0. Tate. The surface 
indications and depth of overburden were discooragiug, bat the shaft 
was laid off 12 feet square, a country windlass of pine poles was impro- 
vised, and, with a number of hired hands, a start was made with the 
determination of finding what was there. After passing through an 
overburden of soil and sand with an average depth of 6 feet, a stt^tom 
of soft phosphate 2 feet thick'aud averaging abont 40 p^ cent, of phos- 
phate of lime was reached. Directly beneath this a stratum of 2 feet 
of mottled clay, more or less phosphatic, was found. Following the 
mottled clay came a stratum of 5 feet of land pebble phosphate, siicb 
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as is fonnd in tlie land pebble belt 25 to 30 miles farther south. Below 
this was a thin stratum of manganese clay; then a 2-foot stratum of 
hard rock phosphate, made up of fragmentary stuff and small boulders 
and specimens identical with those &om the plate rock re^on. At 
the bottom of the shaft, and with an average thickness of 7 J feet, was a 
stratum of hard rock boulders possessing tbe laminations, the weight, 
the hardness, the high grade, and all the distinctive characteristics of 
the best hard rock phosphate. One boulder, the size of a bacon cask, 
was still in place when the shaft was visited. In itself this shaft shows 
substantially all the distinctive types of the phosphate belt — hard rock, 
plate rock, soft phosphate, and land pebble — and confounds many of 
the theories advanced as to the origin of the several varieties. It will 
be a most interesting study for scientists and geologists who may give 
the subject any attention. A diagram of- the shaft is given. 

GENERAL OBSEEYATIONa. 

When we consider the lack of knowledge and practical experience of 
the men who engaged in the mining industry at its inception, dealing 
as they were with a new material, singular and bulky in its character 
and found under strange and unfamiliar conditions, the progress, im- 
provements, and achievements of the Florida miners in all classes of 
phosphate mining have been phenomenal. 

From a total shipment of less than 1,000 tons in 1888, in 1892 they 
shipped 351,327 tons. This result could be accomplished only through 
perseverance,energy, and the application ofa high order of intelligence; 
this, too, in the face of formidable competitors in the South Carolina 
miners, who were not only intrenched in the favorable opinion of the 
markets of the world, but had the advantage of many years' experience, 
a more thorough knowledge of their business, and of well equipped and 
richly endowed plants more perfectly adapted to their purposes. The 
marked improvement in the manner of mining, and the care bestowed 
upon improved machinery, looking to a higher grade of product, are 
worthy of praise. The sharp competition between the Florida and the 
South Carolina miners, and the depression of prices, but served to 
stimulate a closer study of the economies and caused a demand for a 
more improved class of machinery. The effect of this is shown not only 
in a less extravagant and better system of mining, but in a decided 
improvement in tiie purity, grade, and condition of the product ; nor has 
the limit yet been reached. Land pebble will probably be raised several 
points in percent-age, and it is possible that the product of the hard rock 
and contiguous belts may yet reach a much higher standard. 

A cargo from the hard rock belt showed by analysis as much as 
83.82 per cent, of phosphate of lime, and an analysis of several pounds, 
picked up indiscriminately from five pits, consisting partly of boulders 
and partly of fragmentary stuff, showed as much as 86,73 per coLt. phos- 
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phate of lime. With the improved process of cmshiug, wsBhing, aDd 
drying there is promise of atiU better results. 

The absence of state or national reports, or anything more than the 
most general information concerning the pbosphate deposits of Florida, 
and the wide demand for a detailed account of the several fields, their 
distinctive peculiarities, yield, manuer of mining, and commercial value, 
with such facts as show their relation to our commercial, agricnitura], 
and industrial interests, are the warrants for this fuller description and 
an essential to a more intelligent understanding of the importance of 
the subject and their inestimable value as one of our great natural 
resources. 

The following is an extract from the law granting the right to mine 
phosphate in the beds of navigable waters of the state, upon certain 
conditions : 

Sec. 2. • • • That there shall be paid to the state of Florida the 
sum of fifty cents per ton for every ton of phosphate rock or phosphate 
deposit analyzing fifty per cent, and less, and not exceeding fifty-five 
per cent, bone phosphate of lime, so mined, dug and removed ; seventy- 
five cents per ton for every ton of phosphate rock or phosphate deposit 
analyzing over fifty- five per cent,, and not exceeding sixty per cent, bone 
phosphate of lime, so mined, dug or removed; one dollar per ton on 
every ton of phosphate rock or phosphate deposit analyzing in excess of 
sixty per cent, bone phosphate of lime, so mined, dug and removed, an 
account of which shall be rendered quarterly to the board of phosphate 
commissioners, and payment shall be made quarterly to the treasurer 
of the state of Florida for all phosphate rock and phosphatic deposit 
BO mined, dug and removed during the quarter; Provided, That no 
person or persons shall be permitted to dig, mine or remove any phos- 
phate rock or phosphatic deposit from the bed of any navigable waters 
of the state of Florida until he or they shall have first entered into a 
contract with the board of phosphate commissioners, in conformity with 
the provisions of this act, and shall file with such board a bond with 
good and sufficient sureties, either personal or by a guaranty company, 
to be approved by the board, in such sum as the board shall deem 
proper, conditioned to comply with the terms of such contract and the 
provisions of this act. 

A table comparing the several kinds of Florida phosphate, prepared 
by Dr. Wyatt, and taken ttom bis work entitled The Phosphates of 
America, may prove of interest and is here reproduced: 

COMPAKISOW OF THE 8EVEBAI. KINDS Off FLOBIDA PH08PKATB. 
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The method of selling phosphate in foreign markets, particolarly in 
Great Britain, is as follows: It is sold at so mneh per analyzed unit of 
phosphate of Ume, upon a guaranteed basis; in the case of Florida hard 
rock, aaaally 75 per cent, of phosphate of lime. Thus at 9 pence per 
aoit (in round numbers as it is generally estimated) the price received 
would be $13.69 American money per ton of 2,240 pounds. In case of a 
higher analysis, the seller i^ paid for such excess at the same rate per 
unit. Should the analysis fall short of the guaranteed basis, then it is 
subject to arbitration, should exception be taken thereto. 

In all contracts it is understood that the iron and alumina shall not 
exceeds per cent., but in case of excess it ia subject to settlement as 
follows : For an excess of 1 per cent, or a fraction thereof, 2 units are de- 
ducted &om the analyzed percentage of phosphate of lime ; for an excess 
of 2 per cent, or a fraction thereof, 3 units, additional, are deducted from 
the percentage of phosphate of lime ; for example, for 1 per cent, excess 
iron and alnmina, deduct 2 units, and for 2 per cent, excess iron and 
alumina, deduct 3 units additional. In consequence of the 2 per cent, 
excess of iron and alnmina the total deduction from percentage of 
phosphate of lime would-be 5 units, and a cargo averaging 79 per cent, 
of phosphate of lime would be reduced to 74 per cent., involving a loss 
of 9L cents per ton. 

The following table shows the selling price, per ton of 2,240 pounds, 
of the several kinds of Florida phosphate, delivered in London, under 
the English unit and percentage roll of buying, on the basis of 9^ pence 
for 76 per cent, goods : 

SELLING PRICE IN LONDON OF VAKIODS KINDS OF FLORIDA PHOSPHATE. 
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Thecapitalinvestedintheextensionof railroads, the bnildingof Spurs, 
side tracks, etc., for the accommodation of the phosphate industry of 
Florida, to December 31, 1892, amounted to «635,950. In addition to 
this amount, over $200,000 has been expended in other improvements 
designed to facilitate transportation. This does not include certain im- 
provements now under process of Construction at Port Tampa, at an 
estimated cost of not less thau 11,000,000. A detailed list of the compa- 
nies which have exx)ended the amount of $635,950 for railroads, etc, 
follows: 
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CAPITA!, INVKSTED IN FLORIDA KATLROADS. SPURS, AND SIDE IBAC 
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CHAPTER n. 

THE PHOSPHATE lEDTTSTRY OP SOUTH CABOLDTA. 

Prof. FraDcia S. Holmes, A. M„ a native of the state of South Caro- 
lina, and for almost his vhole lifetime a diligent and enthnsiafitic stu- 
dent of its geology and paleontology, in 1870 published his valuable 
work, The PhoHphate Rocks of South Carolina. His name is so inti- 
mately associated with this discovery, and especially with that of its 
economic valae, that we cannot do better than quot« from his book: 

GEOLOGY OF THE PHOSPHATE FIELDS OF SOUTH CAEO- 
LINA. 

Karnes given to the phoaphate rock*. — Writers have called these rocks by 
different names: this has occurred even in the writings of scienti&c 
men, who should have at once lixed upon one name and brought it into 
general use. 

They have been called marl rocks, marl stone, bone phosphates, 
phosphate rocks, coprolites, conglomerates, and sometimes bone rocks. 
These names have been so used by writers of late that one is sometimes 
at a loss to know which of aU the mineral products of the region is 
meant. 

That there may hereafter be no mistake as to the name, we have 
adopted that of phosphate rocks as the best and most comprehen- 
sive. For, though by the terms bone phosphates, marl rocks, or marl 
stones they might very properly be called, we think the name phos- 
phate rocks is more in accordance with popular usage, and conveys also 
a better idea of their true character. 

And here it may be remarked that these rocks are not conglomer- 
ates, coprolites, or bones, and that the teeth and bones which are 
fonnd mingled with the phosphate rocks in their beds should not be 
called phosphate rocks, but fossil teeth and fossil bones; and that, too, 
notwithstanding their richness (when thus associated) in phosphate of 
hme. When we speak of marl we mean simply " that compound of 
earthy mixtures of which carbonate of lime in any form constitutes 
either the sole or the chief value as a manure, and which is in such 
large proportion as to be of important value, and the mass soft enough 
to be excavated and broken down by ordinary digging ntensUs." 

Green sand often contains no carbonate of lime, is not generally rich 
in calcareous matter, and therefore should be called green sand marl. 
Marl stone Is calcareous, of a stony hardness, and not capable of being 
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Aag, becanee not of an earthy texture ; can not be pnlverized enongh by 
ordinary implements to be used as a manure, but requires for ench 
purpose to be burnt to lime. It is truly a limestone, and should be so 
called. 

Clay is a soapy, non-calcareous, earthy material, bat there are some 
iorms or varieties that are improperly though popularly termed marl. 

Coprolites are the undigested fecal remains of animals fossilized; of 
stony hardness ; often petrified, and sometimes, though not often, phos- 
phatic when taken from Tertiary or Modem roots. 

Conglomerates aie strictly commingled fragments of many kinds of 
rocks, or they may be termed loose materials of a rocky character 
cemented*together in masses. The conglomerates of the Ashley beds 
are made up of phosphate rocks, marls, pebbles, gravel, etc., cemented 
together by oxide of iron or lime. They often contain pebbles of water- 
worn quartz. 

The bones which are found in sucb numbers intermingled with the 
phosphate rocks are not rocks in any sense of the teim, nor are the 
phosphate rocks bones. Many believe the phosphate rocks to be 
masses of true bone fossilized, but this is a mistake; they never were 
bones at any time, but were originally calcareous rooks. This is evi- 
denced by the shells, corals, and corallines of wbioh they are composed, 
and by the general character of the mother bed from which they 
were taken to be redeposited in basins, where, by a chemical process 
(hereafter described) they were convCTted from a carbonate of lime 
rock or marl into a phosphate of lime rock, containing very little car- 
bonate of lime. 

* • • • * • • 

Age of the phosphate basins of the Ashley.— IN'ext in the geological series 
are the beds of this exceedingly interesting age; the period in which (as 
indicated by the fossils collected) man first made his appearance on this 
continent. To our mind the Post-pliocene is the connecting link be- 
tween the Ante-historic or Tertiary, and the Historic or Eecent age; and 
may be properly designated the age of Prehistoric man. 

Formerly, and before these beds bad been carefully studied, they were 
supposed to belong to the Tertiary, and therefore considered (and in 
the tables of classification, placed) uppermost in the division accord- 
ing to LyeU's arrangement, being the youngest. But since the dis- 
covery of human bones and works of art in 1844, in beds of tliis age, 
in the Ashley basin, and of similar discoveries (1854) in the lake dwell- 
ings of Switzerland, and also in the Somme valley in France, they 
must now be referred to a more recent date, the Quaternary period- 
Its sands, rocks, and fossils are replete with interest to the practical 
man when be sees and comprehends their meaning, and they fascinate 
beyond description the scientific observer, who, after long years of 
study, reaUzes in the rocks and fossils of this period the charming reve- 
lations of geology, and at once comprehends their " sweet influences." 
« • • « • • • 

The shells from these beds appear, when taken from the sands, as 
fresh and perfect as those picked up on the sea beaches of our coast, 
and nearly aU of them are of the same species. 

Kecent oi Historic age. — To complete the geological series, we find 
that after the Post-pliocene beds comes the Recent or Historic period, 
in which were and are now being deposited the mould of the forests 
and the washings of the hills, forming the soil of our cultivated fields, 
the mud banks of our bays and harbors, and periodically spreading 
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over oiir rice fields its rich and fertilizing sediment, brought down sus- 
pended in the waters of the rivers. 

Origin of the phosphate rooks. — ^If the reader has followed ns in the at- 
tempt to make plain the order of superposition and the prominent 
characteristics of the geological formations as described in the forego- 
ing pages, he is now prepared to go with ns, also, into a consideration 
and examination of the origin of these rocks and their remarkable posi- 
tioD, as seen in the Charleston basin.- 

And first, we shonld Always bear in mind this Important i&at, that 
though these basins were formed in the Post-pliocene age, the rocks 
deposited in them do not actnally belong to that age, batrtn fact to 
the Eocene, an older formation. It has been ascertained beyond donbt, 
that fcequently rocks or fragments of rocks of older fonnations, and 
therefore of greater age, are found in newer deposits of a comparatively 
recent date. Quartz pebbles and fragments of water-worn crystalline 
rocks are often seen embedded in modem clays and sands. The phos- 
phate rocks of these basins, like the quartz pebbles just named, have 
been derived from an older formation ; viz., the Eocene marl, or the 
great (Jarolinian bed of marl, which is the foundation of the whole 
seaboard country of South Carolina, and is composed of the Santee, 
Cooper, and Ashley river marls, which in the aggregate are 700 feet 
thick, and extend from North Carolina into Georgia. Before the low 
country of South Carohna was raised above the level of the ocean, the 
waves of the Atlantic beat upon the granitic hills of Edgefield, Lexing- 
ton, andKiehland. The shallow water of the coast, with its submarine 
formation of undulating sand banks, was then, as now, resting upon 
this snr&ce of the great marl formation of the Eocene age; both were 
below the level of t£e ocean, exposed to the degrading inflnence of its 
waves, and bored by moUusca and other marine animals. 

The Eocene marl is here represented as we have found it, with its 
surface washed into deep cavities and holes, bored by the animals just 
named and honeycomb^ to the depth of 5 or 6 feet. This is its condi- 
tion off Charleston harbor at the present time; and wherever the surface 
of the bed inland has been uncovered, it is found irregular and broken, 
and the phosphate rocks show this plainly. From the coarsely honey- 
combed surface of this mother bed, fragments were being continually 
broken off by the waves, rolled over the sand beds, which wore off their 
angular edges, and finally deposited them in extensive masses in the 
great hollows or basins below the ocean level. 

We apprehend it did not require a very long time, nor much friction, 
to reduce these comparatively soft lumps of marl rock to the rounded 
or nodular forms they now have. Every gale drove them further and 
further upon the submarine beach, until at last they were deposited in 
the lagoons or basins formed within the sand reach of the coast. 

Prof. Ansted, describing the phosphate beds near Cambridge, Eng- 
land, writes — and we quote him in corroboration of our own views on 
this subject: " Many yesirs ago a discovery of phosphate of lime was 
made in the so-called crag beds of Suffolk, and afterwards in the green 
sands of many parts of the southeast of England." (This corresponds 
to the Eocene or green sand of South Carolina^) " The former contain 
beds consisting of nodules of exceeding hard material, which, when 
ground, are soluble in sulphuric acid, and then form a most valuable 
manure. The proportion of phosphate of lime in these nodules varies 
from 50 to 60 per cent." Now observe the analogy between the English 
and Carolina beds as regards origin. Prof. Ansted continues, "The 
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crag nodules are fonnd in the newer Tertiary gravels, but the nodules 
themselves are believed to have been washed out of older rock, also 
of Tertiary age." It was nndoubtedly so with the South Carolina phos- 
phate rocks. 

The next great change was the upheaval of the whole seaboard 
country by some geologicnl agency, and the elevation of the coast above 
the level of the ocean. When the sand hills and the submarine lagoons 
were raised, the basins contained sea or salt water, and must have 
been so many small salt lakes along the seiicoast, having their bottoms 
covered or paved with a thin layer of the nodular fragments of marl 
rock. As the evaporation of the salt water progressed, what was left 
became dug after day a stronger brine, until, at last, a deposit of salt 
ultimately formed as a crust upon the pavement of marl rocks. And 
here we mast remind the reader, that these nodular fragments of Eocene 
rocks axe composed (like the mother rock &om whi^ they had been 
broken off) entirely of the dead shells of marine animals which, age 
after age, were deposited at the bottom of the ocean or £ocene sea, 
and finally became an immense bed or formation of marl, inclosing 
throughout its great depth not only the polythalamous shells, corals, 
and corallines, but the teeth and bones of sharks and other fish, and 
of whale-like and alligator-like animals, such as alone live in the sea; 
but no remains of any land animal have ever yet been found in it. We 
say it without any fear of contradiction, and challenge proof of a single 
specimen being obtained from, or embedded in the nodules (phosphate 
rocks), or from the marl bed itself the mother rock. All the remains 
of land animals obtained in such vast numbers are mingled with, and 
not embedded in, the nodules found in the phosphate basins; and this 
mingling of bones and teeth occurred in the Post-pUoceiie age after 
the elevation of the basins above the ocean level. It was in this Post- 
pliocene age, the period when the American elephant or mammoth, 
the ma8todon,rhinoceros,megatberium,hadrosaurus, and other gigantic 
quadrupeds roamed the Carolina forests, and repaired periodically to 
these salt lakes or lagoons, or, as they are called in Kentucky, " salt- 
licks;" and during a series of indefinite ages, engaged, as they were, 
first sipping brine, then licking salt, and depositing their fecal remains, 
and ultimately their bones and teeth, in fact their dead bodies, in these 
great open "crawls " or pens, thus preparing, as ordained beforehand 
by the Great Master Builder of our earth, a storehouse of rich mate- 
rial for man's use. They converted the rocks, prepared of old at the 
bottom of the ocean, into the basis of a most wonderful fertilizing sub- 
stance. 

What ars foidls and petrifaction b 1 — The important agents being not 
only water holding carbonic acid in solution, whereby the lime was dis- 
solved particle by particle, but the fecal matter from the animals 
named, would furnish the phoaphpric acid to supply the portion of the 
lime dissolved out of the mass, and thns convert these nodules into a 
phosphate rock. 

Additional evidence may be afforded by the fact that the bones of 
land animals, as found intermingled with the nodules or phosphate 
rocks, Tvhen recently taken from the living animal, contain about 51 or 
62 per cent, of phosphate of lime, but when associated, as they must 
have been for centuries, with the materials of the phosphate rock 
basins, they necessarily imbibed an additional amount of this essence, 
and now yield upon analysis 92 per cent, of phosphate of hme. And 
where did this additional amount of phosphate of lime come from} It 
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follows, therefore, that tf these hones had coutrihuted to famish the 
phosphoric, acid of the rocks (as some suppose) they would have heen 
deprived of all they possessed; and, therefore, it seems very plain, that 
from the fecal matter {diing and urine) deposited by land quadrapeds 
during a series of ages, dissolved by rain, and its juices carried down 
to be imbibed by the marl uodales, atom after atom as the carbonate 
of lime was dissolved out of the rock, has been derived the ehemical 
agent which converted the Eocene marl' nodules into phosphate rocks. 
To the bones which are buried with them was imparted also the addi- 
tional amount of phosphoric acid they are now found to contain in 
excess of what they possessed when in a recent or living state, and not, 
as has been suggested, from the excrement of birds. 

The fish-bed of the Ashley. — The idea prevails that the tishbed of 
the Ashley baaiu, alluded to in Prof. Tuomey's geological report, is the 
phosphate rock stratum with its associated teeth and bones. This is 
an error into which many have been led. In Prof. Tuomey's report, p. 
1G5, he writes: "The most remarkable feature in the fauna of the 
period of the deposition of these beds was thevast number of cartilagi- 
nous fishes. It would seem as if about the close of the Eocene period 
these voracious monsters, conscious of their approaching end,haxl con- 
gregated here to die, and it is no exaggeration to say that more than a 
bushel of iishes' teeth have been collected at Ashley ferry within the 
last few years. I have visited the locality several times and never 
without finding a large number of specimens. As the marl is washed 
away by the river and tides, the fossils are left exposed at low water, 
and in this way the locality appears almost inexhaustible and well de- 
serves the name of the fish-bed of the Charleston basin." 

The surface or upper marl beds are here alluded to, that is to say, 
the Ashley marl and sands, and not the overlying phosphate rock 
bed. 

The fish-bed of the Ashley had been thus named by us before Mr. 
Tuomey had visited South Carolina. In the above he only expresses 
his approval of the name given it. 

At that time Prof. Agassiz had not been on the Ashley. 



DISCOVERT OF PHOSPHATE IN SOUTH CAROLINA. 

Sometime in November, 1837, in an old rice field about a mile tcom the 
west hank of the Ashley, in Saint Andrew's parish, we found a num- 
ber of rolled or water- worn nodules, of a rocky material, filled with the 
impressions or casts of marine shells. These nodules or rocks were 
scattered over the surface of the land, and in some place:^ had been 
gathered into heaps, so that they could not materially interfere with 
the cultivation of the field. 

At that time we were students of geology and paleontology, and 
the interesting and beautifully preserved forms of shells, teeth, and 
bones mingled with the rocks filled with the casts of shells corals, and 
corallines, attracted our attention, and in a very short time enriched 
our cabinet with thousands of remarkable specimens. Theses during 
a term of six years, we studied carefully and labelled as best we could. 
The appointment of Mr. Enffin, in 1842. to make a survey (geological 
and agricultui^) of the state, as ordered by the legislature, was gen- 
erally understood to be mainly for the purpose of introducing the use 
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of marl and lime as fertilizers ; marl having been snccessfolly and dxten- 
sively used by the farmers of Virginia, and the results obtained having 
been found to surpass their most favorable aDticii>ation8.- 

Mr. Bnffln immediately called the attention of the planters to the 
importance of searching diligently everywhere for marl beds and other 
soureefi from which calcareous earths or lime could be obtained. 

Shortly after his arrival among us, we had the satisfaction of pointing 
out the exposures of marl oh the Ashley, and of subnuttiug tor his 
examination specimens of the nodular rocks scattered over the fields 
just alluded to. As these rocks contained little carbonate of lime (the 
material, of all others, then most eagerly sought for) the nodides were 
thrown aside aud considered useless as a fertiliziug substance. 

Mr. Euf&n also intimated that as the great Carolinian marl bed 
was extensively exposed on the I'iver banks near by, was easy of access, 
and readily dug with ordinary implementa, he thought it well worth 
transporting in carts and wagons, 4 or 5 miles; especially as it was 
so much richer in carbonate of lime than the marls of Virginia, which 
were often carried to a greater distance; the former having from 
50 to 80 per cent., the latter averaging only about 40 per cent. At that 
time marl, aud everything resembUng marl, was careflilly scratinized 
and analyzed by Professors Shepard, J. Lawrence Smith, and Wm. 
Hnme, and some of the results published. 

From a prize report, made to the State Agricultural Society of South 
Carolina, November, 1844, of successful experiments in marling cottcm 
and com lands, and for wliich their premium was awarded, we extract 
the following, which forma a part of the history of phosphate rocks: 

" In a low part of an old field (December 9, 184a) we attempted to bore 
with an auger below the surface to ascertain the nature of the earth 
beneath, and with the hope of finding marl. We did not penetrate 2 
feet before the auger was thrown aside and the spade and pick resorted 
to. On removing the soil above the rocks, they were seen in a regular 
stratum about 1 toot thick embedded in clay, and seemed to be identi- 
cally the same as those touiid scattered on the surface of an adjoining 
field; all of them bearing the impression of shells, and having similar 
cavities and holes filled with day. Continuing oar excavation, the 
yellow marl waa reached about 6 feet from the surface. As the water 
sprung rapidly we had to abandon the work, but with the satisfaction 
of knowing that the marl underlaid the stratum of rock and was tx) be 
had on our own farm, and in the midst of our cultivated fields, thereby 
enabling us to save carting 1 mile from the river bank. 

On the 22d of February following (1844) another attempt was made 
to find the marl, and it was discovered near an old causeway on the 
edge of the high land under the marsh. The following is a tabular 
arrangement of the strata taken from above the marl which lies 4 feet 
6 inches below the surfaee of the mnd : 
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At tliis deptli the color changes with a green tint, and the marl 
increases in strength to 71 per cent, of carbonate of lime, and continues 
thus 7 feet deeper. The snrface of the marl bed was found to be very 
much broken and irregular, having deep holes in it filled with blue 
mud and sand. Arrangements were immediately made to dig and 
marl lands extensively for the next crop, and a pit was opened 20 feet 
wide and 40 feet long." 

It was on the 23d or 24th day of February, 1844, whilst engaged in 
the removal of the upper beds covering the marl, and preparing for 
opening the large pit just alluded to, the laborers discovered among 
the rocks seveial stone arrow heads and one stone hatchet; they were 
found directly under the roots of a large oak, which was cut down and 
its roots removed to make way for our marling operations. The tree 
stood just within the margin of the high land skirting the marsh; the 
pit, as laid out, encroaehed upon the high land side about 10 feet, and 
the depth of the soil was about 3 feet above the rocky stratum. 

The late Dr. Thomas L. Burden, an aecomplished gentleman and 
scholar, and a true lover of nature, more especially of the departments 
of botany and paleontology, accompanied us almost daily, collecting 
fossils in the neighborhood. We had during our explorations discov- 
ered, upon one or two occasions, a few arrow heads and spear heads (for 
such we took them to be}, in out of the way places, and differing so 
greatly in their general characteristics from those commonly found 
scattered all over this continent, that we examined and studied them 
again and again with deep interest, and were continually comparing 
them with the well known similar forms obtained from the Indian 
mounds of America, and attributed to the handiwork of the aborigines. 
But when found under the oak at the marl pit, among the marl rocks, 
as they were then termed (and very properly too, for they are indeed 
marl rocks derived from the mother bed of Eocene marl), every precau- 
tion was immediately taken to satisfy ourselves faUy as to the possibility 
of their being of the same age as the mound arrow heads and hatchets, 
but washed into a gully in after ages, and now found mixed with the marl 
rocks (phosphate rocks), and therefore accidental occupants of the place. 

After a careful study of everything connected with their discovery, 
the place and stratum in which they were found, and their remarkable 
forms, we were satisfied that they belonged to and were deposited in 
the same geological age to which the bones and teeth of the mastodon, 
elephant, rhinoceros, horse, and other land animals belong, and which 
are found associated with them in the same matrix or mother bed of 
clay, which is of the Post-pliocene period, and which we have since 
designated as the Prehistoric age of man. 

Alas, for young students and their beautiful theories! Prof. Tuomey 
about this time visited the locality, examined the specimens and every- 
thing connected with their discovery and exhumation, together with all 
the surrounding strata, and advised against their publication, as it 
was possible for them to have fallen into a hole at the foot of the tree, 
or the burrows of some animal ; and, should no more of such relies here- 
after be ibund, our reputation as observers in the geological field would 
be affected. It was good advice and we took it, though we certainly 
were convinced against our wOl. 

Not long after finding the above named relics of human workman- 
ship, and while engaged in our usual visits to the Ashley bed, a bone 
was found projecting from the bluff immediately in contact with the 
sur£ice of tie stony stratum (the phosphate rocks); we pulled it out^ 
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and behold, a human hone! Withoat hesitation it was condemned as 
an accidental occupant of qnai-ters to which it had no right, geo- 
logically, and 80 we threw it into the river. Alas ! we have live<l to 
regret our temerity and rashness. A year after a lower jaw boiie with 
teeth waa taken trom the same bed, and we now have it in the cabinet. 
Subsequent events and discoveries show, conclusively, that the first 
discovered human bone was "in place," and that the bods of the Post- 
pliocene, not only on the Ashley, bnt in France, Switzerland, and other 
European countries, contain human bones associated with the remains 
of animals and relics of human workmanship, proving most conclu- 
sively that the Carolina specimens were found "in place," and as the 
European discoveries were made in 1854 and ours in 1844, to South 
Carolina shoald be awarded the honor of the first discovery, and the 
determination of the Paleontological age of the Post-pliocene beds. 
It stamps it as the Prehistoric age of man, the connecting link between 
the Tertiary and the Kecent age, the true Qoaternary period in its 
geological history. ■ 

Whilst engaged in manufacturing saltpetre at Ashley ferry, on the 
west bank of ttie river, daring the late Coiifedfrate war, the lime or 
calcareous earth, necessary in such operations, was obtained by sinking 
pits into the Eocene marl bed. 

Upon the remov^ of 4 or 5 feet of the upper layers, the workmen 
discovered in one part of a pit a number of oddly shaped nodules, 
resembling somewhat the marl stones (phosphate rocks) found in the 
stratum above the marl, but more cylindrical in form and not perfo- 
rated, and having their exterior polished as though each individual 
specimen had received a coat of varnish; they appejired to have been 
deposited in a large cavern or pocket in the marl bed. The quantity 
taken from this pocket was estimated at several wagon loads. 

We supposed them to be coprolites, or the fossilized excrements of 
some of those large aquatic mammalia of that age, whose bones are 
found in great numbers in the marl, and also' mixed with the phos- 
phate rocks in the basins. The zeuglodons, squalodons, and phoco- 
dons swarmed in the waters of that period, and they had as associates 
huge crocodiles or alligator-like creatures which roamed the submarine 
forests like an army of locusts seeking their prey. 

The amount of phosphate of lime found by Dr. Pratt, in his analysis 
of these supposed coprolites, is small compared with that of the phos- 
phate rocks, being only 15 per cent. But it is not surprising, as the 
marl must have extracted a large portion of their phosphoric essence. 

This completes the history of the marls and the phosphate rocks np 
to the close of tlie Confederate war in 1865, and which for 4 years 
excluded all Europe, their doings and their publications, fi^m Confed- 
erate eyes; and it was not nntil 1867, when we had recovered suffi- 
ciently from the war to import a few books from England, was ascer- 
tained what had been done during the interval by scientific men of 
that country. 

Early in the month of August, 1867, the ninth or tenth day, onr 
friend Dr. N. A, Pratt, with whom we had been intimately ^sociated 
during the war, brought us a small fragment of rock and enquired if 
we knew it. We replied, "Yes; as well as we knew our children; we 
have been familiar with it since 1839, have a large collection of specimens 
at the College of Charleston, and would be glad to submit them to him 
for examination." To this the doctor readily assented, and we repaired 
immediately to the college. On examination (there were 50 or 60 
specimens in the closet) he said, "I think that you are mistaken. 
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these are not the same kind of rock as that in my hand." We r^oined, 
" There ia no doabt in our mind about it, but feel confident they are the 
same." We suggested that a quantity should be ground up finely, so 
as to obtain a fair sample for analysis. Dr, Pratt, accordingly, took sev- 
eral pounds, enquiring at the same time as to its chemical composition. 
We replied, " Prof. Tuomey made a crude analysis of it some years ago. 
His notes of the result were burnt with our library ; but we well remem- 
ber that the amount of phosphate of lime, 16 per cent., was considered 
too small, and the carbonate of lime, iron, and sand, too great to admit 
of its being used advantageoualy for agricultural purposes." 

At that time patent fertilizers and fashionable superphosphates were 
unknown; in f^t, guanos iu this country had been used but a short 
time, hence the anxiety of scientific men to develop the great masses 
of mail which were found on-the hanks of the rivers in South Caro- 
lina. 

We well remember relating, too, an incident which occurred some 
years ago regarding these rocks. A gentleman of Saint Andrew's had a 
large quantity of the rock pounded at a considerable expense, intending 
to use it as a fertilizer, but Mr. Buffin, and the party who accompanied 
him on the visit, dissuaded the old gentleman from using it by saying 
it would produce no beneficial effect. This was in the year 1843. 

After selecting the specimens intended for analysis, the doctor re- 
marked that the small specimen which he possessed was obtained 
from the neighborhood of Charleston, but did not name the locality, nor 
from whom he had received it, nor did we ask him. He also remarked 
that it contained a much larger quantity of phosphate of lime than 
is known from pubUshed accounts of the Ashley rocks, by Shepard or 
Tuomey, and that it was valuable as a fertilizer if all the Ashley rocks 
■were of the same quality, though if found in quantity, as we had rep- 
resented, he was fearful the average jiercentage of phosphate of lime 
would not be so gfeat, as oiir specimens indicated a greater amount of 
silex, iron, and lime than was iound in that in his possession. 

The day after this interview, Dr. Pratt informed me that the analysis, 
though not completed, indicated to his siirprise even greater result* 
than he had obtained ttom his specimen, and that it was reduced to a 
certainty that the Ashley ferry rocks were undoubtedly much richer in 
phosphate of lime. When the analysis was completed, it was ascertained 
to contain nearly 60per cent, of phosphate of lime. Dr, Pratt said, "The 
question with me now is, the extent of the formation, and this must he 
looked into at once." Again we rejoined, " This is well known, and 
though we can not take you up to the Ashley today, because of engage- 
meats at the college, we will send Mr. Jonathan Lucas with you 
tomorrow, and you can then see and judge for yourself; for he knows the 
stratum and its outcrop, having been with us during the war whilst 
engaged manufacturing saltpetre." At the same time we also told the 
doctor that the extent of this deposit was marked upon a map which was 
stilHn our possession, and it should be looked for. The map waa after- 
wards found and submitted to him for examination. 

The necessary arrangements being made, Dr. Pratt left the next day 
with Mr, Lucas for Ashley ferry, saw the rock in situ, and admitted, 
it surpassed his anticipation. On the very day the doctor and Mr. 
Lucas were visiting the Ashley, we received Ansted's book from Lon- 
don, on the Geology of the Cambridge Beds of Phosphates, giving in 
detail the analysis of a rock similar to that of the Ashley, and die- 
covered sometime during our Confederate war. His descriptlou of the 
20610 6 ' 
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Cambridge rock corresponds iu almost every particular with that of 
the Ashley beds, and in a moat remarkable manner corroborated onr 
etatement made years ago; viz., that Charlestou was located, geolog- 
ically, on the same formation as that of the great city of Tx>ndon. 

On the doctor's retuiii firom the Ashley with Mr. Lacas, we had the 
pleasure of placing tiie book in his bands, and directing his attention 
to the article. Several persons were present at the time, and all ex- 
pressed their surprise. 

The thickness of the beds described, the formation of strata, and the 
percentage of phosphate of lime were almost exactly those of the Ash- 
ley beds : and it was remarked, that if the war had not occurred, which 
cut us off from all English publications, the value of the Ashley beds 
would have been known to the Carolinians in 1864. The Hon. G. G. 
Memminger was the first person to whom we apphed for aid to develop 
this additional source of wealth. At first he did not seem to appre- 
ciate its value, bnt when we exhibited our own publications, extending 
through many years, and also the work of Prof. Ansted of England, 
which had been received only the day before, he said, on taking leave 
of us, "That book of Ansted's is of the first importance in enabling 
you (Dr. Pratt and the writer) to establish the worth of your discovery; 
be careful of it." 

That book did ultimately convince many of the value of this discov- 
ery, and aided us greatly in obtaining the necessary means to devrfop 
the phosphate deposits of South Carolina. 

For several months after the discovery we were engaged in making 
explorations and arranging future work, and had lost sight of or had 
forgotten to inquire concerning the specimen first an^yzed by Ur. 
Pratt; and it was not until some time In the early part of 1868, we were 
informed by a friend. Dr. I". Peyre Porcher, that Dr. Bavenal had given 
the specimen to Dr. Pratt, and afterwards by Dr. Pratt himself when 
we told him of it, and that Dr. St. Julien Bavenal had been inquiring 
if we possessed a series of specimens of the several geological forma- 
tions found in the Ashley beds. And here it may be proper to state, 
that it was the first time since the war that Dr. Bavenal had conversed 
with us aboat marls or geological specimens. Dr. Pratt said the 
specimen was given to bim by Dr. Bavenal, who had analyzed It and 
fonnd 15 per cent, of phosphate of lime. Prof. Tnomey, as before stated, 
fouud 16 per cent, years ago in these rocks. Dr. Pratt analyzed the 
specimen obtained from Dr. Bavenal and found 34 per cent., and after- 
wards those placed in his hands by us at the college and found nearly 
60 per cent, in them. 

To continue the history. After six weeks of unavailing exertions in 
obtaining means to develop' these treasures of the Ashley river, and to 
convince the good people of Charleston of the value of the discovery, 
. we were obliged to resort to Northern cities for aid, Mr. James T. 
Welsman of Charleston, one of the few who fiilly appreciated the dis- 
covery, furnished the necessary funds. George T. Lewis and Fredrick 
Klett, esqs., two gentlemen of Philadelphia, immediately took the mat- 
ter in hand, rewarded us both for our discovery, and furnished the 
capital for the first phosphate mining association, — The Charleston;, 
Booth Carolina, Alining and Manufacturing Company. 
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KINDS OF PHOSPHATE, MACHINERY USED, ETC. 

We are indebted to Maj. E. Willis of Charleston, South Carolina, an 
acknowledged anthority on the subject, for the following description of 
the deposits, the several kinds of mining, the macliinery used, etc. The 
aoeompaQyiug map of the South Carolina deposits, revised by Maj. Willis 
down to a recent date, gives an approximate idea of their extent, and 
shows their relation to the imx»ortant subject of transportation both by 
sea aud rail. 

Land and river rook. — There are two classes of phosphate deposits, land 
and river, the extent of the former being estimated at 66 square miles, 
and of the latter 50 square miles. Land rock is tolerably uniform in 
grade. Its color varies from light yellow to heavy brown. It is nearly 
free from iron and alumina, but contains sufRcient carbonate of lime to 
make an acid phosphate, and from this are produced amnioniated or 
potash compounds, that promptly dry and remain in a pulverulent state 
after being treated with sulphuric acid. In the United States land rock 
has been mainly used, it being preferred to that from the rivers. 

Kiver rock has, since 1870, been preferred in all foreign market« to 
the land rock, and much the larger part of that mined still goea abroad. 
In color it is from gray to bloe-blaci, with specific gravity of about 2.1 
and hardness about 3,15, 

At the lower left hand comer of the accompanying map will be seen 
the extensive beds at Beaufort and vicinity, and in the Beaufort river 
and its branches. Then a little to the right the Coosaw river and Chis- 
holm's Island, one of the most prolific sources of phosphate rock in the 
state. Near the centre is shown the section bordering the Edisto river 
and the Horseshoe creek, where workable deposits are found. There 
api>ear farther to the right the deposits of the Stono, Ashley, Cooper, 
and Wando rivers, and those in the neighborhood of Charleston. 

The colored sections do not all represent workable deposits, the lighter 
portions being indicative of the smaller or less profitable sections, aud 
the darker where mining is extensive or profitable. All the inlets from 
the sea, in the vicinity covered by the map, contain more or less phos- 
phate rock. It is found at depths beneath the surface varying from I 
to 20 feet. 

The nodular stratum varies from a few inches to 2 feet 6 inches in 
thickness, bat the latter is rarely observed; ordinarily it is from 10 to 
16 inches, and averages about 10 inches. Where the deposit exceeds 
15 inches in thickness it rarely extends beyoud a limited area, and 
is generally due to local acttumulation, or is the result of accidental 
superposition of a few large nodules. The yield per acre varies from 
500 to 1,200 tons, the average yield of land beds now worked being 800 
to 1,000 tons per acre. The yield per acre stonds in a certain ratio to 
the thickness of the stratum, but not m\ u'iably so, as the compactness 
is an important factor in determining the amount of production. In 
many instances the stratum is underlaid by marl, occasionally to a 
depth of 260 feet. 

Land mining. — The method of land mining phosphate rock is simple. 
Longtrenches are laid off, from which theoveriyingearth is first removed; 
then by hand labor, with pick and shovel, the rock is taken ftom the 
prenches and fhroim iilto piles, from wbiett it is taken by barrows or 
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carts to be washed and crushed. The laborers are osnally ne^rroeB from 
the surrouading neighborhood and near towns orcities. Italianswere 
employed several years ago by a number of companies, bat they were 
soon replaced by negroes, who, for climatic and otiier reasons, are better 
adapted to the work. 

Biver phosphate. — Kiyer phosphate is found in deposits on riyer beds, 
in depths varying &om exposure at low tide to 10 or 15 feet below the 
surface of the water. It is occaaionaUy found under layers of sand and 
mud. The nature of the deposit and the depth of the water determine, 
in a large measure, the method of excavation. Where the rock is not 
over 3 or 4 feet below the surface of the water mining is done by hand; 
in deeper water dredging is resorted to. Where the rock is taken from 
navigable streams it is tiie property of the state, and is subject to a 
royalty of $1 per ton. 

Hand picking. — At low water, where the bed is easily accessible, work- 
men with pick and shovel loosen the rock and throw it on scows or flat- 
boats within convenient reach in shoal water. When the tide rises the 
operations cease until the next low tide, and the loaded scows are moved 
to convenient points for shipment to washers and crashers, or for trans- 
fer to vessels. The localities in which this mode of mining can be car- 
ried on are few, but they have yielded large quantities of rock at mod- 
erate cost. In the deeper water, where dredging is hot resorted to, 
much rock is obtained by divers, who with pick and crowbar loosen 
the materia] by expertness obtained only by those skilled in this paj-- 
ticular work. A diver is enabled to bring to the surface rocks which 
would require the strength of three or tour men to handle above water. 

Dredging. — Thedredging machines areusedto most ad vantage in about 
12 feet of water. They are powerful machines, especially made for the 
work, of several varieties of constmction, and with claws and scoops ca- 
pable of raising immense weights. An ordinary day's work, under favor- 
able cu-cumstauces, lifts about 100 tons of rock. The rock having beea- 
gathered into dippers or backets propelled by steam, is empti^ oa a 
grating or conical washer where it is cleansed of the mnd and sand by 
means of heavy streams of water. Marl, sandstone, or oyster shells 
are then easily detected and thrown aside. The rock which is partially 
cleaned then descends or is thrown by the machinery on a crusher, and 
tbence into a second washer, where the remaining impurities are sepa- 
rated. The washing apparatus consists of either upright and caldron- 
shaped or shaft washers, which discharge the washed rock upon lighters 
for transportation to the drying sheds, where it is heaped upon and 
around a system of perforated iron pipes. Hot air is then forced 
through these pipes, and, escaping through the perforations, in a few 
days thoroughly dries the originally saturated rock. 

Sachinery for loading and dijschai^ing. — The machinery for loading and 
discharging at the works of the Coosaw Mining Company will serve to 
explain these processes. At the first and second piers wet phosphate 
rock is hoisted by donkey engines from lighters, dumped into cars, and 
in them rolled to the drying bins, where it is piled up on the system of 
perforated iron pipes to be dried. At the third pier a vessel receives a 
cargo of dried rock, delivered directly into the hold by dumping cars, 
which are loaded in the drying sheds from large iron buckets hoisted by 
steam power. 

Cnuhii^ and waahmg. — The machinery for crushing and washing the 
rock is expensive and elaborate. The washer in general use is known 
as the single-screw washer. It consists of four h^lf-circvda'T boxea 
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resting ia a frame on an incline of IS inches, and 25 fe«t in length. 
These boxes are cased with iron. In ea«h box ia an octagonal shaft, 
also cased with iron, and having on each face teeth or blades set at 
such an angle to the shaft as to form a spiral screw, with a twist of 1 
foot in 6 feet. Over each box or washer are strong cylindrical crashers 
or breakers armed with steel teeth, acting against an iron plate, and 
set about i inches i^om the plate. Throagh these breakers the nodules 
of rock are dumped, and by them broken to a uniform size of 4-inch 
cubes. The rock is then agitated by these bladed shafts, which make ' 
about 18 revolutions per minute, and are submerged in water contained 
in the tub or box. Tberock is forced forward and up the incline against 
a heavy stream of water (which enters at the upper end of the washer 
box) and empties itself through an oversow at the end. The abrasion 
of one piece of rock against another, in its passage through the box, 
rids it completely of all foreign matter, such as mud, etc. From this 
overflow it falls upon screens, set one above the other, the first screen 
having about half-inch meshes, and the lower screen about quarter-inch 
meshes. From this lower screen the fine rock faUs upon an oscillatiug 
screen still lower, which serves to rinse the small rock thoroughly. 
Over all these screens a flow of water passes continuously. From 
them the rock falls upon an elevated platform, and is thence taken to 
the sheds or storehouses. The water used is dra^Mi directly from the 
river and forced up into large troughs by means of heavy pumps, both 
steam and centrifugal. The washers are considerably elevated for the 
purpose of getting rid of the debris, which is carried oft' by means of 
large troughs. The loss by abrasion and clay adhering to the rock 
varies from 50 to 60 per cent. The capacity of each washer is from 40 
to 50 tons of clean rock in 10 hours. 

ANALYSES. 

Analyses made by Dr. C. W. Shepard, jr., in 1880, of several hundred 
samples of South Carolina rock phosphate, show the following average 
percentages for the various constituents: 



Coo«tit»e«.. 


Percent. 


PbM horlo Mid 

























































jvGooi^le 



86 



SPECIAL REPORT OF THE COMMISSIONER OP LABOR. 



Anotb^ table is given below, prepared by Maj. E. Willis of Oharles- 
toD, Sontb Carolina. It shows the general composition of the South 
Carolina phosphates, and is based upon the analyses of several huodred 
shipments: 

EESULTS OP AJSALYSES OF SEVERAL HTTXDRED SETPMEHTS OF SOUTH CABOLIKA 
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It may be of interest to know the average composition of some of the 
most important phosphates from countries other than the United States. 
Dr. Wyatt, in his Phosphates of America, gives such a table, and it is 
here reproduced : 

ATBEAQE COMP(«ITIOK OF PHOSPHATES FROM COTHTCEIBS OTHBK THAN THE 
TJMITED STATES. 
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These per cents, may be compared with those of the South Carolina 
product, immediately preceding, and with those of the Florida product 
as shown in Chapter I of this report. 
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CHAPTER in 

OEHEBAL STATISTICS OP THE PHOSPHATE IVDVSTBT. 

Nearly all the etjtistics used in this chapter have been collected by 
the Department of Labor irom original sources. As stated iu the ear- 
lier part of this report, many obstacles existed in the way of perfect 
statistical information. Wherever these obstacles have ultimately pre- 
vented a fairly complete and accurate statement from being made, 
explanations are given. At the close of this report wiU be found two 
tables of statistics relating to the cost of production of phosphate. 
Table I is entitled, Cost of Prodnetion of Phosphate in the United 
States, 1890-1892 — Land Mines. The facts in this table ai-e groaped in 
sub-tables as follows: 

A. — Period oovered and quantity of prodnot. 

B. — Oeneral deaoription, capital invested, eto. 

C. — Diatanoe, meanB, and cost of transportation. 

D. — General statement of cost for tbe period. 

E.— Elements of eost in one ton of 2,240 ponnda. 

F. — Per cent, of each element of coat in one ton of 2,240 ponnda. 

O. — Additional coat of certain theoretical elements for the period. 

B. — Additional coetof certain theoretical elementein one ton of 2,240 ponnds. 

J. — Rates of wages. 

Table II is entitled, Cost of Production of Phosphate in the United 
States, 1890-1892— Eiver Mines, The facts collected under this table 
have been grouped in liite sub- tables as stated for Table I. 

The period taken for this investigation has invariably been the last ob- 
tainable complete fiscal year of each mine investigated. The years have 
not always been contemporaneous in all the mines, because conditions 
were sach that this feature could not be observed; but only one year's 
production or the facts for one year have been stated in the table. It 
was found impossible to fix an arbitrary date and ask the proprietors of 
all mines to bring their statistical information to conform to that date. 
Of late years it has been found that in collecting statistics of produc- 
tion it does not matter materially whether the exact period of time by 
the calendar is observed for all establishments, bat that a like period as 
to time covered should be observed. For instance, it does not matter 
in securing the aggregate production in an industry, whether the year 
for each particular establishment closes on the 3l8t of March, or 
whether the year closes on that date for one establishment and for 
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another estiibliBliment a month earlier or a month later, etc., the point 
being to cover one year's conditions only for each establishment. As 
a rule, however, it will be found that Uie facts given in the two gen- 
eral tables described are for the year closing nearest to December 31, 
1892. 

These tables comprehend for the state of Florida, 88 land mines and 
18 river mines, or 106 mines for the state; 1 land mine for North Car- 
olina; and 23 land mines and 7 river mines for the state of South Car- 
olina, or a total for the latter of 30 mines, the whole nnmber of mines 
considered being 137. In the phosphate industry production is nsually 
measured by tons of 2,240 pounds, while sales or consumption are 
measured by tons of 2,000 pounds. From the general tables it is fonnd 
that the total amount of phosphate mined by the 137 mines considered 
was 1,231,703 tons, having a value at the mine of $7,153,141. The United 
States census office informs the Department that the preliminary totals 
for the phosphate industry of the country show for 1890 a production 
of 1,225,002 tons of acid phosphate and mineral phosphate fertilizers, 
valued at $22,308,473; 274,644 tons of fertilizers Irom raw bone, valued 
at $6,616,825 ; and 318,846 tons of other fertilizers, valued at $5,113,154, 
or a total of all classes of fertilizers of 1,818,552 tons, valued at 
$34,038,452. In furnishing this information the census office officials 
wish it to be understood that the data are preliminary and subject to 
such revision as may be found necessary upon" receipt of further infor- 
mation. The only object of using this information in this place is to 
show the harmony of results relative to the total production of phos- 
phate fertilizers in the TJsited States as exhibited by the census and 
by this special investigation. 

Of the total production, as shown by Tables I and II, given at the 
close of this chapter, 1,033,409 tons were shipped from the mines. 

The number of acres controlled for mining purposes in Florida is 
179,848; in North Carolina, 2,500; and in South Carolina, 69,790, or a 
total of 252,138 acres. The miles of river controlled for mining par- 
poses in Florida are 163J in 15 mines, 3 mines not reporting; and in 
South Carolina, 7 in 1 mine, 6 mines not reporting, or a total of 170^ 
miles in 16 mines, 9 mines not reporting. 

The total capital invested in plant in Florida is $2,140,6^2, and 
in land, $11,346,067; in North Carolina the plant is represented by 
$2,000 and the land by $100,000; in South Carolina the plant is worth 
$2,563,200 and the land $2,920,000. The capital invested, then, in 
plant (the facts not being given for five mines) is $4,706,782, and in 
land (the facts not being given for sixteen mines) $14,366,067, or a 
total of $19,071,849 invested, in the phosphate mining of the country. 

The total average number of employes engaged in the production of 
phosphate is 9,175. This, however, does not include all the labor in 
one mine and the skilled labor in two mines, these facts not being re- 
ported. The total expenditure for labor for the period covered was, in 
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Floricla, $881,711; in Nortli Carolina, $1,215; and in 9onth Carolina, 
|1,590,6S9, or for the whole, $2,173,616. In this amount Is included, in 
three mines, the expenditure for officials and clerks, which was given 
by the proprietors, but who declined to separate the amounts. It makes 
no appreciable difference, however, in the grand total. 

The average yearly earnings of employes engaged in production in 
the land mines of Florida are $211, and in the river mines $347 ; in the 
land mines of South Carolina, $287, and in the river mines of that state, 
$378; in Iforth Carolina the earnings of the employfia are now, on an 
average, $08 per annum. The average in Florida, tbrboth land and river 
mines, is $225, and iu South Carolina, $303, or for the whole industry, 
$270 per annum. 

These details, drawn from the two general tables described, are 
shown in tabular form, with notes of modifications, omissions, etc., as 
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THE COST OF PRODUCTION. 

It haa been exceedingly difBealt to secure the coat of producing 
phosphate in the various localities given to its produetioii. From the 
general tables, however, some summarized facts are obtainable, and 
these facts are given for land mines in the three states engaged in the 
industry In the following brief summaries : 

BUMMAET OF COST OF PHOSPHATE IN SEVEHTT ONE LAND MINES IN FLOEIDA. 

tThIt BummsTy ladniwn fVom «n1>-t«b1e9 A to O, putes 110 to 123, Tlie eaUbliahments coTeKdnre 
numben 1 to 3, E to 9, 11 to Ifi, 17 to 29, 28 to 37, 3S to 12. 14, 49, 48, 90, 93 to 95, 97. 60 to 83, M to 72, 7< 
to 85, 87, 38. bclOE all tbe land mines in Florida from wblcb complete reporta at coets have been ob- 
tklned. The peiioda covtred an twelve moatlie and are ia tbe ;eare 1890, IBSl. and 1892.) 
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SUMMARY 01" COST OF THEORETICAI. ELEMENTS IN THE ABOVB. 
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This establishment reported that there was no expenditure for insur- 
ance, interest, royalty to owners of the soil, transportation to place of 
free delivery, and no depreciation of value of plant. 
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In the examination of the foregoing summaries it will be found that, 
taking the total cost in Florida for the 71 mines covered by the sum- 
mary, which includes labor, officials and clerks, supplies and repairs, 
and taxes, the average cost per ton, as shown by tlie cost, for 279,499 
tons, is $2,654, Adding to this the cost of insurance, interest, deprecia- 
tion of value of plaut, royalty to owners of the soil, aud transportation 
to place of free delivery, averaging $2,965, it is found that the average 
total cost of a ton is $5,619 in Florida. The table giving the facts for 
22 land mines in South Carolina shows that the average cost of 391,576 
tons, for labor, officials and clerks, supplies and repairs, and taxes, is 
$3,497, while the additional, or what has been called tbe theoretical 
elements, consisting of insurance, interest, depreciation of value of 
plant, royalty to owners of the soil, and transportation to place of free 
delivery, is $0,843 per ton on an average, or a total cost in South Caro- 
lina for phosphate from laud mines of $434, as against $6,619 per ton, 
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OD an average, iu Florida. Where this dilfereDce occurs will be easily 
seen by reference to the summaries just given. The cost of labor in 
mining in South Garolioa is greater than in Florida, it being od the 
average $2,798 per ton, as against $1,878 on the average in Florida, 
while the cost of transportation in Florida is $2,802 per ton, as against 
$0,447 in South Carolina. The South Carolina mines are more accessi- 
ble than those in Florida, a fact which accounts for this great differ- 
ence. One might inquire, then, why it is that the Florida phosphate, 
costing $5,619 per ton on the average at the place of free delivery, 
against a total costof $4.34 per ton on the average for the South Caro- 
lina phosphate, secures a market along with the South Carolina prod- 
uct. The answer is that, while the cost is greater, the percentage of 
purity or of utility of the Florida product is much greater than that of 
the South Carolina product, as shown in the tables giving the analyses 
of the phosphates in the two states in the respective chapters devoted 
to them. 

Looking at the cost of production in river mines, the general tables 
furnish the following summaries: 

SUMMAKr OF COST OF PHOSPHATE IN TWELVE ElVSa MIHE3 IK FLOEIDA, 
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8UMMAET OF COST OF FHOaPHATK IK FOUR EIVEK UIKES IN SOUTH CAROLINA, 
G, JWEHS 132 U 135. The eBlobllBhiueitlA covered Ara 
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SCMMABT OF COST OF THEOEKTICAL ELEMBNTB IN THE ABOVE. 

[Tvo eetAbliBluneiitH jrave tiie RmooDt paLd for juanraitce; two reported tbat there i*as no i 
Inre for inBaraD<«. Each of the fonr astBliItBhrnentB reporierl that there wasaoeipendituref 
eet and truMpertatlon to place of free deliverv. and eacli gave tbe auiaiint uf depreciation o[ 
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Observing the same divisions as to eleinenta of cost as were observed 
in the consideration of land mines, it is found tbat in Florida, for all 
river mines, covering 93,737 tons, the average cost of one ton is 41.954 
for labor, officials and clerks, supplies and repairs, taxes, and royalty 
to the state. The total cost must be increased, however, by the addi- 
tion of insurance, interest, depreciation, and transportation, which 
amount to $2,824, or a total of $4,778 for phosphate from river niiues 
in Florida. In Sovith (Jai-olina the total cost is $2,501. and, as in tho 
easeof tbe land mines, this large difference in cost is caused by the 
wide differeuc* in cost of trausiiortation to place of free delivery. 

In making npTablesIandll and the summaries of cost therefrom, it 
has been thought best to divide the elements of ^ost into two specific 
sections, the lirst, that relating to labor, ofdciaU and clerks, supplies 
and repairs, taxes, and in river mines royalty to the state, comprehend- 
ing fixed, absolute, universal elements of coat that all mines must bear, 
and the other section embracing what have been called theoretical 
elements, comprehending insurance, interest, depreciation of value of 
plant, transportation to place of free delivery, and in land mines royalty 
ix> owners of the soil. These latter elements have been called theoret- 
ical because thej- are pot Hniversaliy fixed charges, but charges that 
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vary according to location, accoi'dmg to the ideas of proprietors as to 
iQSnrance. and according to the interest paid in different places and 
the cnBtom of proprietors in charging interest. These elements have 
been grouped in difTerent' sectious, as stated, simply as a matter of 
statistical integrity. They have been given in fall, that all the 
elements of cost may be readily observed. The details for each estab- 
lishment reported, firom which these summaries are drawn, are given 
in the lone tobies I and II, nnder the various sub-tables, to which 
- reference can be made to ascertain the great variation in all the differ- 
ent items of elements of cost of the production of phosphate. The ele- 
ments showing the greatest variation are those of labor cost in mining 
phosphate and in transportation. In the first instance tbe vaiiation 
occurs on account of the varying conditions atteudingthemining. The 
widest differences are shown in the Florida land mines, as compared 
with the South Carolina land mines. This results from the fact that in 
Florida the country is undulating, the depths at which the phosphate 
is found varying so greatly as to make It impossible to establish even 
an ap proximately uniform cost per ton, while in South Carolina the 
phosphate mines are located on comparatively flat lands, the oveibnr- 
den being more even in depth. The variations in all land mining, how- 
ever, are greater than those attending river mining. A study of sub- 
table £, in the two tables I aud II, in this chapter, discloses the varia- 
tions attending different localities, for the labor cost is given for each 
separate mine. As to transportation, the variation takes place, of 
course, relative to distances. 

THE SHIPMENT AND CONSUMPTION OF PHOSPHATE. 

The shipment of phosphate clearly indicates its consumption. Effort 
has been made to secure the shipments of phosphate from the two 
principal sources of supply, and with success. The figures have been 
taken from original sources. The first of the two tables following shows 
the shipments of South Carolina phosphate from 1867 to 1892, inclusive, 
in tons of 2,240 pounds, from the two principal ports of South Carolina, 
Beaufort and Charleston. The second table exhibits the total ship- 
ments to foreign and domestic markets from the same stato ^id the 
total annual consumption from 1S67 to 1892, in tons of 2,240 pounds. 
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S mPMR STH OF SOUTH CAKOLIHA PHOSPHATE FBOM IWT I« 18B3. 
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The shipments of Florida phosphate thrnngh the United States 
castoiu-houaes for the years ending December 31, 1891, and December 
31, 1892, are giTen in the following brief statements. The compnto- 
20016 7 
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tionB have been made on the basis of the loup; ton of 3,240 poiinds. As 
will be seen, the table shows the port of eliipment and kind of phus- 
pbat« shipped. It also shovB the number of tons sent to foreign and 
to domestic markets. The figures given bare been taken from the 
books of the custom-houses ; 
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As will be seen, the total shipments of Florida phosphate to foreign 
markets aggregated 113,148^ tons, while the shipments to domestic 
markets aggregated only 28,661 tons. The total amount shipped throagh 
the custom-housea daring the year to both domestic and foreign mar- 
kets was 141,809^ tons. 
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For the year ending December 31, 1892, the total amount of Florida 
phosphate shipped through the United States custom-houses is seen 
to be 307,574 tons, 58,505 tons going to domestic markets and 249,069 
tons going to foreign markets. 

The following table shows the output of Florida phosphate for each 
of the years 1888, 1889, 1890, 1891, and 1892, and illustrates the growth 
and development of the industry. It is made up from actoal ship- 
ments The railway lines haul phosphate by the short ton of 2,000 
pounds, but their returns have been altered so as to agree with the 
custom-house reports, which ar^ biased oi^the long ton of 2,240 ^uuda. 
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The several railway lines are credited only with that which went inland 
or coastwise from theic termini, without clearing. The cnstom-house 
clearances accoout for the balance. Plate rock is included in the haid 
. rock report : 
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The moat reliable data obtainable aliov t&e total oouBamption at 
mincinl phosphate in the world for the year 1891 to have been 1,687,133^ 
tons. Ftancd, vhich, next to the United States, is the largest pro- 
ducer, furnished 400,000 tona, oc 25.20 per cent., while the Unitad States . 
furnished 757,133^ tons, or 47.70 per cent. The phosphate industiy, like 
otiiet ittdostries, has its seasons of buoyaocy and depressioD, resnltiug 
chiefly from agricaltural conditions. An estimate of probable con- 
sumption in the future, based upon that of the past, should therefore 
be made for {teriods long enough to cover both bad and good years. 
With that in view, the following tables have been prepared, which show 
the increase in the shipments of phosphate from the mines of South 
Carolina, grouped by periods of five and ten years: 
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Whether the foregoing facts are considered by flve-year or ten-year 
periods, they show a satisfactory increase in the consumption of phos- 
phate. The market has responded to the new discov«1es, and a more 
abundant supply has stimalated demand by the lowraing of prices. 
In addition to the amounts as shown in the brief tables preceding, 
Florida high grades are being taken extensively in lien of that bitiierto 
obtained from other countries. Already it is quite apparent that the 
percentages of increase for the last five and ten year periods will, as 
applied to the next five and ten year periods, fall short of the present 
and prospective demand. Supplementing these statements, those fol- 
lowing, which are ftilly explained by the head-Hues, are given as general 
facts relating to the industry; 
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) of the world's consamption, based on more accarate 
figures for tbe prodaetion and shipmenta of the United States than 
were accessible to Mr. Toss, is given below. It should be twrne in 
mind, however, that these figares are but estimates, though they are 
thongbt to be fairly accarate : 

« OF PHOSPHATE, IFCLITDING THK HNITKD STATES, 
FORISM. 
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PermisBioD has been given tfae Department to publish an extract 
from a letter written by Mr. Hermann Yoss, a Tev.ogiiix.ei ¥j]ij<;U>i\i 
aathority of the highest standing, in October, 1891, and read at a con- 
vention of phosphate miners held in Ocala, Florida. The extract gives 
tfae prices per unit of phosphate in the Engliah market lor the past ten 
years, and is as follows: 
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The average percentage of phosphate of lime and the average price 
per nnit, giving the average price per ton of 2,240 pounds in the Eng- 
lish market, based on Mr. Yoss's table, will be as follows: 

AVEBAQB PKICE OF PHOSPHATE IN TEE EKGLISH MARKET, IgSZ TO 1891. 
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THE COMMEEOIAL ASPECT. 

A consideration' of the growth of the manufacture and consnmption 
of complete commercial fertilizers, in which phosphoric acid, the prod- 
uct of phosphate of lime, is an essential part, is important and within 
the scope of this investigation; but it has been difficult to obtain acca- 
rate statistics of sales in diB'«:«nt portions of the country. Bradstreef s 
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for 1892 was able to give ofBcial reports from only 5 states, but the De- 
partment has secured ftom official sources the sales iu 16 stntea iit the 
nnioB, and is able to present the following table: 
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A study of the foregoiug figures develops some interesting featare^. 
Taking the sales in Georgia for 18 years, in New Jersey for 10 years, 
and in Indiana for 9 years, the concluaion is that the increase lias 
been common to the South, East, and West, even with their widely 
diversified crops and conditions. Thas it appears that phosphate is in 
demand for the cotton crop of the South, for the fruit and vegetable 
crops of the East, and for the grain crops of the West. Another inter- 
esting feature is shown in the variation of the amount consumed in 
different localities. Looking at theflgnres for Georgiain the preceding 
table, it is found that there has been up to 1891 a very steady increase 
in theuseof phosphate, but that for 1892 the cons-jmption fell off mate- 
rially. This is accounted for by the reduction in the cotton crop, a larger 
or a smaller crop being due to the amount of phosphate used, and when 
planters wish to reduce their crop they use less phosphate, even when 
they cultivate the same acreage. Forth Carolina shows a falling off 
also, and for the samereasons; so, too, does South Carolina, and thesanic 
features are apparent when the figures for Alabama are considered. 
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Bat Florida, for its fmit raising purposes, increaaes its coaeamption. 
The quantities consuuied, as given in the table immediately preced- 
ing for the states named, are really under rather tlian over the ftill 
Gonsamption ; for only fertilizers purchased from agencies and manufac- 
turers within tlie states named come under the operation of their laws 
governing the sale of phosphate. 

The value of phosphate if convei-tcd into superphosphate has been 
shown in the chapter relating to Florida. 

The following short tables show the shipmente of phosphate for 
the yeara 1891 and 1892 ftom all the localities producing It: 
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The values given are at the ports. 

Of the foregoing, domestic consumers took 617,187 tons in 1891 and 
529,200 tons in 1892, which, converted into acid phosphate (iu round 
numbers It would be equivalent to two for one), and valuing tKe super- 
phosphate at 110.60 per ton, gives the following results : In 1891, 617,187 
tons of phosphate converted into 1,034,374 tons superphosphate, would 
give a total value of (10,860,927. In 1892, 629,200 tons of phosphate 
converted in 1,05S,400 tons superphosphate, would give a total value 
of$U,lI3,200. 

The total for 1892, 911,113,200, must be considered the commeicial 
valne of the modem product of phosphate, the result of a new indastry, 
and yet one that is taking an important place among the mining and man- 
ufacturing interests of the country. This statement, however, is found 
by assuming that if the mineral phosphate consumed in the United States 
for 1892 had been converted into superphosphate it would equal 1,058,400 
tons; but in addition to this there were produced in 1891, according to 
the report of Mr. David T. Day, chief of the division of mining statistics. 
United States geological survey, 119,320 long tons of pyrites, used for the 
production of sulphuric acid, with which the phosphate is dissolved. 
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The annual report of the chief of tlie bui-eau of statistics for the fiscal 
year eudiiig June 30, 1892, gives the following as aiuoDg the imports of 
the country, all of which eoter larj^ely into the composition of niaiiu- 
&ctured fertilizers: 

lUPoaTS XNIBRUIO INTO THE COMPOSITION OF UANDFACIDBED FEBTILISERS. 
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In the above, domestic boues (raw and dry), blood, fish, scrap, cotton- 
seed meal, etc., all of which are largely utilized in the production of 
commercial fertilizers, are not included, but they would probably aggre- 
gate between 200 and 300 tons. These figures indicate that the produc- 
tion of commercial fertilizers for 1892 can not fall far short of 1,750,000 
tons of 2,240 pounds, and these fertHizras, delivered to the consumer at 
his nearest station, coat &om ti5 to $66 per ton, but they will average 
about 130, thns making a total cost of about $52,500,000 for the year 
1892 oi the commercial fertilizers which had entered into consumption 
ill this country. 

ROYALTIES. 

Boyalties are paid to the state of South Carolina in accordance with 
the quantity of phosphate mined. These royalties for the years from 
1870 to 1892, inclusive, are giveu in the following table: 
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The state treasury has therefore gained immensely through the dis- 
covery of phosphate and the working of the mines. The people have 
had tiieir taxes reduced from what they would have been by the amount 
of $2,805,971 during the period named, or the state has been enabled to 
use that amount in addition to its ordinary taxes for its improvements. 
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THE OPPORTUNITIES FOR LABOR. 

As bIiowu in the summarized table printed oq P'-i-HG 91, it was seen 
that the average number of employes engaged ia tbe production of phoB. 
phate was 9,175, of which 3,915 were employed in Florida, 18 in Korth 
Carolina, and 5,242 in 9outh Carolina. The total amount of money ex- 
pended for the labor of this laige number of persons was $2,473,615. 
This amount represents actual earnings, and tbe average earnings in 
the different mines for the different states for the period covered by the 
Investigation, one year, are as follows : lu Florida, for land miners, $211, 
andfor river miners, $347; for land miners in North Carolina, $fl8; and 
in South CaroUua the land miners earned $287, and the river miners $378. 
The average for all classes for all the states consid^ed was $270 per 
annum. The higher average earnings for river miners is due to the fiict 
that more skill and experience are necessary in this class of mining than 
in land mining. Sub-tables J in Tables I and II, given at tbe close 
of this chapter, show the rates of wages paid in each of the general 
occupations attending mining operations. Summarizing these, we find 
that the average wages paid in different occupations are as follows: 
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In addition to th6 amount paid in vages to tbe miners, all of wliicli 
has been added to the economic condition In the states produclngiilioa- 
phate, there has been quite a sum paid to longshoremen at the several 
ports for removing ballast and loading ships. This is estimated for 
1892, to be $14,802.45 for South Carolina, and for Florida, including 
the Brunswick and Savannah ports, $76,893.50, or a total paid for this 
class of labor of #121,695.95 in the year 1892. The wage cost of manip- 
ulating and loading tbe 529,200 tons of phosphate, which is shown to 
have been nsed in the United States, and which at tlie ratio of two to 
one would give 1,068,400 tons of superphosphate, would at an estimated 
average of $1.50 per ton give $1,587,600 in the year 1892, We have, 
then, as the addition to the wage-earning capacity in thepbospliate- pro- 
ducing states for the year named the following items : 

Wageapaidin the mines for tbe year 1692 92,473,615.00 

Wagt* patd longihoremen 121,695.96 

Wages paid for monipulatiag and converting into Haperphospbate ... 1,587,600.00 

Total 4,182,910.95 

It should be borne in mind that this large sum is due entirely to the 
new industry of phosphate mining and is a constant yearly addition 
to the economic force of the 3 states in which the industry is car- 
ried on. In addition to this, the laborer is the beneficiary of the wage 
cost of transportation, drayage, warehousing, and other handlings, 
which in the aggregate must amount to a very considerable sum. Of 
course labor's share growing out of this industry does not stop with 
these items, for ite share goes to the fields, includes the &rmer in his 
multiplied crops, comprehends flour mills, tobacco &ctories, sugar 
Teflneries, and, most important of all, the cotton mills, where the 
greatly increased product through the use of phosphate is constantly 
increasing the demand for labor. All these elements add tens of thou- 
sands of dollars more to labor's share in the industry. This large addi- 
tion to the economic force of the states engaged in the industry will 
be still further Increased through the continued opportunities for the 
employment of labor, while for the investment of capital the industry 
offers most excellent opportunities, the growing demand insuring, as it 
does, a profitable return, andtheindestructible character of phosphate, 
which suffers no deterioration, loss, or damage from exposure to the 
elements, whether in the ground or out of it, makes it a safe invest- 
ment. These further opportunities are best illustrated by considering 
the quantity of phosphate in sight. 

The Department has taken the greatest pains to ascertain the future 
opportunities for labor by collecting information as to the amount of 
phosphate which it may reasonably be expected can be taken from the 
mines. Dr, Wyatt, in Phosphates of America, gives the lowest 
"estimate for South Carolina, in round numbers, as 14,000,000 tons in 
sight. This estimate is based on Ihc present rate of production, which 
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he tliinks will extend over 28 years from 1891. Capt. Jamee F. Tncker 
of the Depfuiauent of Labor, who lias collected nearly all the material 
for this report, and who is thoroughly conversant with the ctmditions 
in Florida, estimates the quantity of phosphate in sight in that state to 
1)6 133»056,41€ tons; and for Xorth Carolina, Georgia, and other states 
1,000,000 tons. Capt, Tucker has based his estimate not only upon the 
most careful personal observation of the whole field, but upon infurma- 
tioii drawn from conservative and skilled experts and others who, while 
interested in the state, are not interested in the business of phosphate 
mining, and, furthermore, in maay cases from actual measarements. 
His estimate, therefore, can be considered as conservative and below 
the real facts rather tbui above. The endeavor has been to avoid aU 
the exaggerations which come from speculative estimates, and to secure 
only those judgments which are based upon absolute knowledge. These 
various estimates show a grand total of 148,066,116 tons of phosphate 
in sight, and exhibit better than any text statement can the future op- 
portunities for the employment of labor in the phosphate miuing indus- 
try of the United States. No discoveries of any considerable quantities 
of phosphate have been made during the past two years. Of course 
it is imjioHsible to say what developments will take place in the fnture 
in the way of discoveries. The opportunities for labor, therefore, have 
been considered solely with reference to the existing conditions. 

GENERAL TABLES. 

The statistics of the cost of production and rates of wages relating to 
the phosphate industry of the United States are given in two tables, 
designated I and IL Table I relates to the land mines, and Table II 
to the river mines. Each table has nine sub-tables, with titles as fol- 
lows: 

A. — renod eovered and qnantity of prodnot. 

D. — (jeneral deaoription, capital investc<l, etc 

C. — Distance, meana, and cost of transportation. 

D. — General statement of ooat for tlie period. 

£.— Elements of cost in one ton of 2,2W pounds. 

F. — Per cent, of each element of cost in one ton of 2,240 ponnd«. 

G. — Additional cost of certain ttieoretical etemoutA for tlie period. 

U. — Additional cost of certain theoretical elements in one ton of 2,'HO pounds. 

J.— Rates of wagea. 

These tables are the ones referred to in the preceding part of this 
chapter, and from which many of the facts cited have been summa- 
rized. In Tables I and II the numbers given to establishments run 
eonseentively, in Table I from 1 to 113, land mines, and in Table II 
from 1 to 25, river mines. The establishment numbers in each table 
represent the same establishments through all the sub-tables. For in- 
stance, in Table I the estiiblislimeut designated as No. 2, in sub-table A, 
is the same establishment in each of the succeeding sub-tables. To use 
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the tnble, therefore, by stadying the facts relating to establishment 
No. 3, land mines, as given in Tabic I, one would find iii sub-table A the 
I)eriod covered and the quantity of prodact of that eetablishment. He 
vould also learn that that particular eatablishment is located in Florida ; 
that the facts collected are for the year ending December 1, 1S92; that 
the mine was operated 120 days dnringthatyear; that it is a hard rock 
mine, the product having 80 per cent, of bone phosphate; that it pro- 
duced during the time named 1,500 tons of phosphate, of ft value of 
$7,250 fit the mine; and that out of the 1,600 tons mined 1,400 tons 
were shipped. Turaing now to sub-table B of the same table, one 
would find for the same mine, establishment TSo. 2, that theaverage depth 
of deposit from thesurfaceisSfeet, theaverage thickness of the deposit 
being 25 feet; that improved appliances are used in operating the 
mine; (hat the deposits are found in pockets; and that the establishment 
controls for mining purposes 120 acres of land, and has $5,300 invested 
in plant and $3,200 invested in land. Turning to sub-table C, we shall 
find for the same establishment, 'No. 2, that it is 4^ miles ttom the 
primary shipping point which is situated on a railroad; in the case of 
this estabhshment the place of free delivery to the purchaser is identical 
with the primary shipping point 

Following out the study, by turning to sub-table D, it will be found 
that the labor for establishment No. 2 for the year given cost $1,875, 
and supplies and repairs $433, the total cost being $2,308, while the 
elements of cost in one ton of 2,240 pounds will be found from sub-table 
E, from which it is ascertained that the labor cost of one ton of phos- 
phate mined by this particular establishment was $1.25, and supplies 
and repairs $0,289, or a total cost per ton of $1,539. Sub-table F gives 
the percentage which each element of cost is of the total cost per ton, 
while sab-table G gives the additional cost of certain theoretical ele- 
ments for the period named. Sub-table H gives the additional cost of 
these elements as shown per ton, and from this we learn that from tlie 
particular mine used for illustration, establishment So. 2, the trans- 
portation to plac« of free delivery cost 50 cents per tpn. Sub-table J 
gives the rates of wages paid in each mine for each of the subdivisions 
of occujiations of the persons employed therein. These statements show 
clearly, without further analysis, how Table I, relating to land mines, 
should be used. It is sufficient to remark that Table II, relating to 
the cost of production and rates of wages of liver mines, is to be used 
in precisely the same way. 
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J.— BATES OF WAQES— Continued. 



i 

ber. 


-— 


H" 


Aver 

pWSB 

fur 
peilnl 


IMly 

rate^r 
payor 

earniiige. 


El- 


OcODprtlon. 


Bonn 


Arer- 
pl£^ 


Daily 

payor 






!! 


12 


fl.M 
1.00 


B3 

B6 

87 


Bn ■ 


10 


.J 


»1.50 






Englawn.usiiiiMit 




T Ul 


?*m' 




va- 


"V 


J,OT 


HlnenandlaborfT. 




Miu 


.40 




1.00 






10 


20 


i.osi 




10 


10 


1.00 












18 


2. so 




Jo 


20 


l:g' 


|:i!s:^;;i^iiit 




MinerewdUborera 








lioo 




10 


a 


l.Mi 










10 


1 


hS' 

1.00 
LOO 












.20 


1.051 




MinerauidUborera 


EneJ 






10 


J 


l.*9t 






Englneera, assLatent 




T tBl 


f^i 




IJ 


18 


1.05, 


Miners imd loljoravB 






1.00 




i 




.871 
■8j| 


Wataiboj. 










10 


M 














1 


i 






10 


16 


l.lSi 




f? 










10 


7 


2:00 












MinsmMidUbi^ 








10 


2» 






JO 


10 


i.a2i 










10 


1 






10 


1 


I'm' 
















UiDerauidUboiera 














10 


11 


1.05 


i 


_1 








Dred em 






J 


1 
IS 

1 


{■! 
















•SF""'— ■ 














Miner- and UboroM 






10 


» 


1.11 










.081 




10 


I 


lioo 


Total 




EnflnB.^,»wli,t.,.t. 


to 


21 


1.86 




Xeamator 


^Pt^.^ar«dge... 


10 


1 
2 


fsi 








ToUl 








10 


18 


1.0BI 














10 


13 


1.00 
1.00 


Tot"! 














20 






UlneiBUldtHboren 
















Miners and laWers 






10 


17 


1.1a 






E„g^^ 


Tolal 




Tg 


1 


\ 


i:f 


10 


2G 


1.341 








10 
10 


2 












Miners and Iflbom-B 












Total 






_i? 


_-l*. 


1.04 


ToM 


10 


Si 


1.14i 



, Gooi^lc 



130 SPECIAL EEPOET OF THE COMMISSIOMEB OP LABOE. 



J.— BATES OP TAflKi-Continned. 



E' 


Oc«Dpstdon. 


Eonim 


Aver- 
periled 


pay or 

"daily 

MrElDBB. 


Ea- 

Si 

bar. 




"£" 


Aver, 
age 

■€'■ 

period 


StaJf 

payor 

.5". 




CMKBnters 


1 


8 


»l.Sli 

iS' 


n 

102 


Blaolmmitb 


JO 


; 


11.35 
























Uinen aid laboren 














T Ul 


10 


70 






11 


83 


1.55 


BlackBa^ith 






Ulnera sod iBboreii 


1 


ISO 


1.50 




10 


18 


.75 






^SS* 




10 


18 


.75 






Blukamith 






10 
10 


560 


l.«6i 






MiDenand Itbonn 












EnrineerB. lowmo. 


■ 








133 
















il 


i 






Laborera, railroad.. 








^t\T^"^' ''™""'" 


■ 1.1H 




10 


207 










l-OD 




i 


i 


liw 


Total 




&Tr::::::::::: 




H* 


1.01 




llln«»aDdUboFer» 
ToW , 


Slaoksmlth 


10 
10 

10 


so 






in 


B7 


l.OOi 


fv^^ 


1.90 


« 


BUokgmlth 


— jo- 

JO 




^1:50 

i'?o' 


















X 


.TH 




Engineer. exMTBtor 


BlKkamltb 

IhiDipera 






10 
10 


IM 




















10 
10" 


«2 

200 


3: Mi 








_ 








MinerB«idUl»rer8 
Total 












EngiQeer... 




im 






E„^,,„«™,,oo™o. 


E^SSwr:;.: ;"."", 


10 




1.00 

2. BO 




S^S.'^dUtK,™ 


.|..„, ,™. 






10 


210 


1.18 






„ J^"*^ 


K™ """'•■ 






i 


i 




los 








lotal 












CaijieDter.-!.'.'.'!!.' 


10 




1.50 
















~10" 
10 

10 
10 

'1 


3 

17fl 


LOO 
























LftCnrera. railrud.. 








'"iO 
10 


3S7 














3 
105 






1.001 




|«* 




^°tf;r "' '™™''- 




Ent!iDeer, looDiDO- 




M 


300 


LOO 

l-"t 


ss 










Minpreandisii;.™™ 


MluoTBandUlHmjM 


.on 




Total 


Told 








MH 


1.1R 




118 


1.05 










BTu 











,glc 



CHAP. in. — STATISTICS OP THE PHOSPHATE INDTJSTET. 



J.-^ATEB OF WAOEB— Conclnded. 



Es. 




k 


ATM. 

•1- 

period 


Daily 
nieof 


Ba- 


Ocoop.ti<n.. 


Bovn 


A»er- 


M.. 






10 

10 
(a) 


290 


1.00 


rn 


Blsokamltli 


10 
10 

10 


1 


"tsi 








E'' "™" 


°'?ia-'- 






EDEineer. locomo- 


Loai 

liio** 

1.00 




Min™ "d Ubor™ 




Total 








SK 


.at 




108 


Blukunlth 


10 


i 

127 


.831 




~io 


m 


1.071 










s 


■i 








1.00 










Total 


10 


m 


.86 








1.00 


Itl 


BlMkoulth 


2 

m 


8,46 

2. OH 


10 


81 








gj^^^"" 






B«^<«r., 1«™» 


! 


1 
800 


aoo 




ToUl 


^^^^. loc™. 








1.05 


1.121 






10 


57S 


1.75 

1.5H|' 
1.60 

i!oo 


Mir,.™ ^ laborer 












■?lr- — 


10 


S14 


1.021 




Labar«a(M 

ToUl 




10 


400 












{fKi,!r!S;:i^ 






10 


400 






.Jl 


=J}L 


=J^ 

















» 6klll«d labor U not leparttd. 



ovGoo<^lc 



SPECIAL BEFOBT OF THE COMMISSION&B OF LABOR. 



A.— FEBIOD OOVSBXV AHS WiXXm OF FBODTTCT. 



- QiwnU^ 



.. I>M. I,18ft2 



B. — UiUKUAL 



# ITot reported. 

isscBirnoB, CAPITAL nnrxBTSD, etc. 





ATenga 


Nombw 


ofdrrfffl 
iDceaiued 


g.ppii. 


(uns). 


of riven 
troUed 

purposes. 


Oplulin 


■eMedin- 


■QEiber. 


pnmpg. 


BliovZ. 


TOU.. 




Luid. 




a 

8* 

is 


1 

a 




(6) 


m 

IM 
TS 
BOO 
100 


i 

'! 

S 

(a) 

28 

(0) 

m 


m.ooo 

IE 

87,009 
100, DOO 
BO,OI» 

100,000 

1(0.000 
40,000 

•&m 
'S.m 

37,000 

to.ooo 

25,000 

so,ooo 

M,000 

1,200 

800,000 

3k 

loolooo 








































































(*) 






70 




























i 






») 





















































ib.Gooi^le 



CHAP. ni. — STATISTICS OF THE PHOSPHATE INDUSTET. 133 



C.— OISUVCE, lOAVS, iMB COST 07 TKUBPOBTATIOV. 



■S- 


'*^£'»'« 




Pl*woffr«edeIlv. 


Mllen 

ftwiD 

nine. 


nnntlmdoi 


Tram mlns to 


Fromndlroftd 


^^mnportof ifafp- 
menlcratof utate 


MIlM 

rmin 

toiat.. 


Coat of 
tr»D8porI»- 


•"C 


«»poMof_.hjp- 

■t>M. 


DDmestic 

HlliDg 


Foreign 
■eUing 
port. 


pooud.. 




zl 






»1.M 

.76 

:«$ 
i' 

s 

1 


11 

& 

'IL 

'."'„ 
MQ 

?'» 
?'» 

2.0» 
8. 2 
2. 2 
2. 2 
!. 2 
1.37 


»4.B0 

(01 

(•) 
4:75 

*.26 

(o) 
4.80 
*.W 
4.80 
4.80 


"35 

2«0 
(0) 

as 

8 

M 
(*) 


















































(») 






































""i.SS 


« 


Bailnwd 


atl).35 



































































































ud anppllea md repain. 
lalnetiglitat. 



[Intunmoa, tnlareat. df 



, «.«, p. 


daUTei7 mie an 


iooluded.) 


' 








Lidnt. 


Offiidul* 
sndalerkB. 


Supplie. 
>iid repain. 


luaa. 


Itojalty to 


Total. 






7,«0 
B.t52 

|:S 

b!«oo 

18,812 
M,»73 
12,830 

i.m 
soo 

8,100 

2' 258 
6,170 
11,880 
82,800 
1^000 
31. US 
85,043 

148.781 
/24.S69 


I'S 

.a! 000 

8,330 

8:500 
8,000 

iIboo 

240 

4.000 
4.000 

ft> 

(61 
C/) 


*i,m 

5)200 

6:200 

900 

4. ISO 

b:700 
11,285 
8,872 
8,600 
200 
880 

'mo 

8.303 

i!:S 


•20 


W.ooo 

<») 
(») 

iii 

'3!450 

%!«oo 

6 000 
4O,0U0 
84,000 






















540 

m 
































890 

1.615 
000 





















































la iblnl&i; niiiiaTlnb1« 



a The riebt of tlie stato to donand rojalty fram penoi 

Etion. Bonda bave been giwea to the alate to aecare tL. 
deoLdAd In Ita favDr, but no pavmalitB have been made. 
«Not»ported. <Not incliidbig taiea. dUanaeed bvowner. eNotlnclndi 
/The eipendltona Iot officiala and clertui are In»panblj oomblned wlUi Iboa 
f Hot Inctuding; aappllca aud ropaini, and taie*. 



ilticii ahoDld tlw ai 



134 SPECIAL BEPOBT QF THE COUULSSIONEB OF UBO&. 



E.— XLncnm or oor a on lov of s,s4o rtannm. 



BMaUbbwntBDnilMr. 


L*bfr. 


uddlcrkjL 


LWS. 


I™. 


.900 

I"'" 

(»l 

(a) 

'•iZ 

l.OOO 
1.000 

.ow 
!om 

LOOO 


TM^ 




.7M 
L^ 

.»75 

.IDS 

LOW 
1.33g 

i.eso 

]:iB« 

alow 

.T7K 
/L6M 


-ISO 

.431 

.ex 
.«« 

.77* 

il20 
.KM 

i 

LZ50 

'*ioo 

5{ 


to. SOS 

.S«2 
.4» 

LISO 

lia? 

!4S2 

.5*7 

:760 

'.4S0 

.4«7 

■s 

.BW 


IftOW 


^s 


















lose 
























12 


<l-2»7 




ions 

:oi7 














































V2.IIM 





And rttyatty from perwniB c 



M<ot reporlnd. 

/The sipeDdltnw far otHcialj uid clarki u 
9 Hot InetiuUiiK nippUH ud npain, and U 



Not iDclndiig onotHli ud dok*. 



u»d by DWDer. c Ifot inclndiiic oDotiilfl ■ 
HpaniUr wmbliied with tluwa fsr labor. 



F.— FEE OUT. OF XAOH SLXKEMT 07 COn DT on lOBT OJ >,S40 FOUnM. 





is.sS'iirs.-SffiS','^'"'"'"^"' 


topUoaoTftw 




Labor. 


OSoUa 
and clerki. 


^nppll^ 


Tuo*. 


wss 


Total. 




«:» 

44. M 
40.03 
10.43 

S7.74 
(3.01 

l»,00 

II 

Is 

to! OS 
42.02 
64.17 


23.09 
8.N 

13! 40 
43. H 

«!oo 

10.92 
7,83 

it! 60 

as 

U 00 

10.02 
S3. 00 
LM 

"I.,, 
f 


2!: 17 
2B.40 

iiIts 
loies 

00.25 
28.73 

Mill 

at! OB 

4.30 

10. SO 

13.40 

i.m 
*.so 
o!o8 
iiioo 


**' n 


24.28 

(«) 

(a) 
(a) 

(«l 






















.78 
LM 
LOO 

1.27 

Si 
















10 


100 












.18 
1.27 

1:35 
.05 

.73 
.08 


























13 


01 































. ^— J , mining Qiinavigiible streami U po 

GlloD. Sand* hsTaboeii giTea to tha itaM loaeoure Uia paymeatof imuhtayBltlet aliDali: 
deoldad ia Ita favor, but no payiDents bs» been made. 

Ollot raportail. t Not inclaiing laiea. dllanaged by owner. <Not Incliiiling oBlelaJs u 
/Tb««xpiniiltlDreafnrotQr:LilaBU<inlBrl(s are inaepanbl; oomUiueil wUb CLoaa (or laboc. 
g Sot Inaullim: auppUu and repnira, and t«ie*. 



,glc 



OHAP. III. STATISTICS OF THE PHOSPHATE INDUSTRY. 135 



O.— ADBIIIOFAL COST OT OSBTAIV TSEOBBTICAI ELEKEKTS FOB THE PEBIOD. 





Imundwe. 


Interest. 


DepieciatioD 

of TBlue of 

plut. 


of free de- 
Uverj. 


.^. 




»2I0 

7S0 
2,250 

■■s 

(a) 


(COO 




• "W 


Vi'SS 




6,00» 




*" Ten 




lli 

10,000 
S6.250 

a; 200 




10. «1 




W 




:is 




(«) 


^ooo 
















W 








(a) 












49 

WO 




900 


i,m 


a.74» 




























260 














6,000 




"-s; 












^ 




































(0) 


(a) 











B Not fflported. 

bNotltiFludlugln 

cNotlacludiDKlu 





Inauruiee. 


Inlerest. 


plant. 


otftwde- 


lotaL 






to. MO 
'.00) 

w' 


»l).116 
W 
"" .108 




*i!.012 






»1.079 










4!g9o 

6.220 










(»> 










(•» 


.m 


















Si 








(») 












:ie7 




.750 


1.600 
































.023 














:i2S 

'.m 


















.OJfl 




































(o) 


(o) 




(•) 







• KM i^odiuji iuUiegt. 



, InlerMt, uiddepnolatlouarTaluaBfpUnt. 



jvGooi^le 



136 



SPECIAL BEFORT OF THE COMMISSIONER OF LABOR. 









Jr 


-RAIB8 


»wA«m 










0«np.tto.. 


Boon 


Atot- 

■ge 

p«ii.d 




Ub. 
1i^. 


Ooeopirtlan. 


aonn 


■ge 

p«Tl0d 


Datlj- 
rate or 

eamiiga. 






10 
10 


2 


12.88 


13 
18 




10 
10 
10 

~io 


23 


*^» 














^J?* 


















Tol*l 




i-^s* 




10 


22 


l.lOi 






S'^lS^rr.:::. 




\%^ 













3 


2. BO 
1,2S 

2.ao 

L26 
2,BTt 

J, 25 






































Lightermen 


12 

1 

12 


1 












Captain, tog 




lil* 




w 


2» 


l.« 












10 


1 


.65 
.00 






































J:!SS^™- 
















10 


U 














10 


21 


L32t 








g;?r,^« ■■ 








10 
10 


i 


2:1* 
iio^ 

1.26 
















10 


20 


1.8«| 












10 
10 


I 






























10 


as 


1.4> 








IS^-" 








B 






« 





J 


1.18 




=w 


— r 


=1=^ 




Total 






10 


g 
















10 


» 














ToUl 










1.621 


Watchman 


1.2S 


« 


Sf^tre^""*"- 


10 



i 


2.30 

a-OTl 

1.46 


Total 










i 


! 


















f^ 










ToUl 




i.wt 




27 


1.60i 


Laborer! 


' 







1 


liait 




~r» 








Ssr.:::::::- 




T- 


20 


■i? 








Total..; 


T lal 






^T- 


'^ 








M 












12 
12 


SO 


■ 2.60 
1.M 

3.8S 
1.36i 




jj 

1! 


B 










f?i' 




■■•RT'' '~"' 








w 












l.lBi 




Total 


Totrt 




1 


?L 


1.51 


,. ., 


1.B0 



CHAP. m. BTATISTIC8 OP THE PHOSPHATE INDUSTKT. 137 







J.- 


-SITES OF WAQE8— ConolQded. 








tab. 
lixh- 
meot 

b«r. 


0^^. 


Boor. 


Arer- 


earning*. 


St 

u«n 


-'"- 


Bonn 


Atw. Dally 
»B« ttUot 






10 

10 

10 
10 

ID 


1 


1.25 
1.29 


2t 

24 

2S 




10 
10 

1. 


2 


$1.00 










mevaorniMi 


























1.3U 








™ 






Li«htenn«a 




s.ss 








10 m 




ToUJ 




1-16 






2g 


1.10 




» 


0»pUin,tog 


10 
10 


a 


1.00 
2." 811 






1.23 






i;: 


25 
BIS 
















».2e 










ToUl 








10 


133 




Lalionn 


LIS 






(») 


60 1 1.1KI 




Itt 


317 1 1.^ 






l«bor6Ml6) 






SO LUO 


10 






Knefneer* 








lU 
10 


K 1 llsi 












10 




















10 


TO 1 1.*^ 










- 











ovGoo<^lc 



jvGooi^le 



INDI3X. 



rt atttSlj wpwi M * nf » Uad ptblila phowihato mlii> St 

it nf dal^ azptDM* of ■ pIsU rook pboapbate mine M 



Agrionltaral pnduota, p«rcfliiLof kflhormlnoral in&tt«r in oertain - . IS 

Afrioultunl pndasta,qiunUt;aodviaDe of, In tbe United State* IS 

AgrlcnlMnd ptodnoto, qnantllj of uh or mluard maittnr lis urup of, In the United Statoa .. IS 

Asrtflnltiinl products, qnantl^ of phoBphorle sold In a crop of, In thelTnltad SUt« 16 

Amount tad value of wA phMpliate sold fur oonsomptlon In Tlorid* in 1890, IBSl, and 1W3 . .. W 



AB*t;«« of (WDipotlte phMphUe. 
AltfJjiea of Flondji hard rook phOflplute, 

AnaljMi of land pebble phoepnale 

Analyaee of phoaphatefl from fbnlgn 

Analyaea of plate ie«k phMphate 

Analyaeaafn*erpefablaphaaplut« 

Aualyae* of »ft phoapbale 

Analyaea af SoDth Carolina rook phoapbate 

Aaalvaaa of varloDi t;p«B of native pfuiepliate 

Appllanoea, drediinff, oaedanddally o^aoity of pnmpalnriver minea-----'.. 

Aitm oontrolled lor phoapbate mf oiug parpoaeg In land mine* '. 

Area oonlroUad fiiT phoapbate mining pnrpoaee In river miuea 

Ana osntroUed fiir phoapbate mining parpnaea anrnmary 

Area, estimated, of liver mines lu Florida 

Ash ar mineral matter, percent, of. In oattain agricultural prod nets. 

Aab or mineral matter, quautlt; of. In a crop of oereala In the TToltvd 8ut«»... 

A shl^ fish bed, the 

Aahltf phosphMO baslna, age of. 



B. 



Catdtd lavestvd In Florida rallroBdi, etc., for tbeacooDunodatlonaf the phoaphato trade. .. 

CaptUl inveated in land minea 

Capital Invested la phaepbnte mining in Ibe Onited Statea— summary 

Capital Invasted in river mine* 

Ceraala, aorease of vsrisiu, In tba United States 

Cereaia, qnanUty of asb or mtneral malieT tn a crop of, In the United States.,. 



. loa-ios 



Ceiaala, qoantlt? of pliospbsrlc acid in aoropaf. In the ITnit«d States K 

Clerl^ bboi and ■aperintndcnse. ooat of. ft) one ton of ^MO pounds— land mines 11S,U1 

Clerical labor and anperintendeDoe, eoater lu one ton of 3.210 poonds— river mines lU 

Clerical labor and aaperlntandeDee. oast itf—lnnd mines 110,117 

Clerical labor and anpeiialHtdenne. eoat of— river minea 193 

Clerical labor and superintendence, per cent coat o^ in me ton of 2, 240 pounds— land mines . . 120, 121 
Clascal labor and BaperlDlsodanoe, per cant, cost ol^ in one ton of 2, 240 paunda— rive — ' — 

Comneroial aapsct of the phoephate Indnitry 

CAMiunarolal ftrtniiers, annual conannption of, in sliteen state*, ftom ISTSIo 1892 

Comparattre mcclta of tbe hard rook and pebble pbosphate bells in riorida 40 

Comparison of the sevaral kinds of Florida pbospfaatea ' AT 

(}omposlU phoapbate, analyses of. ftS 

Composite phosphate, des^ptlnn of. M. 55 

Consnmplim and ahlpmenta of South Carolina pbospbatoflKWi 1807 to 1B92 S7 

Conaumptkn and ahlpmenta of United States phosphiite <M-102 

Consumption, annoat. of DommerolalfertlUiers In sliteen aUCesftwm 1875 to 1892 103 

ConsumpUanofphoaphstoofthewotlddurinilBVl (Inoludlng United States) 101 

Coaiomptlon ef pbosphate oftluirorld during IStl (not Inoludlng United States) 101 

Consnmptionof United Blatea pbosphate as Indicated by shipments during IBOl lOl 

Coat and mesns of tnnsportaUon, wltb distanoA-Jand mines 114.115 

l;aat and means of transportation, with dlstanoe— river mines 1S3 

Coatofdepreciatlonof value of plant loons ton of 2, 240 pounds— landmines 121, 12S 

Coatofdepreelationof valne of plant in one ton of 2,240 poouds— river minee IM 

Coat of depreolatlun of value of plant — land mines 122.131 



_..,.lc 



ofdeproelitlon of T»liieof plant— rii 
-' '-tnnuce in ono ton of i M» 



if iatereatin one tun of 2,240 poand«— land mine*... 
>f Intflrmtin one tnn of :i,UI)poandB— riTerminsB.. 

if intflreet^land mlnei.. 

if intoregt— river miaea 

ton of 2,210 poanda—rlTermiUM 



of labor— riyerniinm ///.'; //V„r/.V.l.l/'.".^^^i;^;..!liy........l..i;i.-i;i..;..;i. ^1.1. "iM 

of pmdDOtioD of ph«*p])al« in Flaridk— nmrainy SS.Sl 

of production of pfaoflphatA tn XoHli CbjvIIda — aunimarj - 02 

of pnidDctlon of phosphate in Soulb Carolina— aamoiarr in,B5 

of prodoolion of phosphaln In the tTnltwl Stuitea K-M 

of pmdnetlon of phosphate in the ITnit«dBUt«.18W-lRR2— landmines 110-ISl 

ofprodactionnlphosphatein the Uaitod States, tNO-IMS—riTeriiiiliM 1S2-13T 

of royalt; lo owners of the soil Id one ton of 2,310 pounda— land nilnaa 1HU5 

"' ~*yftliy to ' ■' '^ ' — ' "' — *** "" 



roydlty to the stale In one Iod of 2.210 pi 



of TOjaity to the atate— river mines 

of sapcrinteDdence and clerical labor in oi 



, jf2,2tepoiinda— landmines UftlW 

of Baperintcndeuoe and vlerleal labor in one Ion of 2.240 poauds— rlcsr miaes 13i 

of superintendenoe and olerical labor— land mines 116.117 

of auperlntandeiHie and clerical labor— river mines 1S3 

of BoppUesaad rapalrsln one ton of 2,2*0 ponDds--luid tploes 120,121 

of anppUes and rapairfl in one ton of 2,210 pounds — ilTfff mines - 134 

orsujipliesandrepairii—bnd mines llfl,llT 

of supplies and repairs — river mines - -,,-.^--,- ^ .,.- IBS 

of laies in one ton of 2,210 ponnda-taud mines 120,121 



of theoretical elenwuls of prodactlon in one 
of theoretio^ elements of prMtnct tun— land 
of theoretical elementa of production— river 
of transporlAUoii to plaee of free dflivery in 
of transporlation to place of free deliver; 1e 
of transportation to place of tTe» deHvery- 1 
of trauaportatiou to place of free ddlvery- 1 



Deposit, average depth of, fra. 
Deposit, avera^ tblokneea of. 

Deposit, kTSrace thlekneas of, in river mines 

I>e[ireciatian M* value oTplant. cost of. In one ton of 2,240 



r -. pounds — land mlnM . ■ . 

Ltion of value of plant, eoatof. In one ton 0(^240 pounds— river mlms. 



Depredation of value of plant, east of— land minea 
Depreciation of value of plant, cost of— river rnlma . . . . 
Depth of depoelt laveragei from earface in laud tnlDes 

DescrlptlDn and names of phosphate rocka 

Discovery of pboephaCe In Florida . 
Dlseoveri"'''P''™P''*'* '"'""""" "' 



Bamlni^. average snnnal, and'nnmlior'Df empkiyA* in phosphate mining In the United States— 

XamlnKS, average dedly, of employ^ in UndminH. by oooapationa IM-131 

Earnings, avragedallj, of empleyAa In river mines, by oooupatioas ISO, 1ST 

Employes In landmines, average nuubv ot by ooeapations 12S-131 

Emplovisiii rivu mines, avsrue number of, by ocoopationa 180,137 

1. — .,.,. "-Bt prices (averagej of pbssphate 102 



Eipeoiie sccoDut, dailr, of ■ Isud pebble phosphate miue Kt 

Expense aooouot, dally, of a plate nok phosphate mine : S4 

IbLpense sooonnt, daily, of a liver pebble phosphate mine K 



Farm products, per cent of ash or mlnenl matter In certain 

Farm products, qoantily and value of. in the United States 

Farm products, quantity ofash or mineralmatter in a crop of, in tbe United 8t 

Farm prodncte, quantity of pheephorJo Mid ln»oiOBOf '" "■■ "-—-' — 

Ferbliiers, commercial, annual consumption of; In witi 



FertllUera, ertnwta fromlflttfln, «!«., relitlnt to 14-19 

irertUlEinE mHterikli Impotted daring Che ]>e*r «DiUug Jon* 30, 1S92 105 

fliilibedofthnAttikiy TT 

KoiidkandSoutb CaroUua phoiphsta denoalta, fsTOnble leolioa of 10 

Florida and SoaUi CanlinH pbngphate iDOiutry, eaoiiderMioa of. 11 

Florida, ooitaf prod action of ulioapbate In— •ammMy K.H 

Florida, dlsfovBTj of ploaphaletn 86-31 

Florida, Htinulrd phospbate in tiebt ia t0-4a 

Florida, eitncl rromlBTauClioriilDg phcMphiMmluine In tbt navigable iraUn of ST 

rloriila.eenBralobiierTationion the pfiospEito Industry in M-W 

Florida fan) rock and pel>l)lebrlU,DonipHntire merit! of. 40 

Florida hard rook phosphale, analyaea of it~AS 

Florida, kloda of pWp1ule,uiach[Dei7iued,ats^ in 4Z-« 

Florida phoipliil* fault, CMgrBphicalpMitionof. SI-H 

Florida phoaphate bdt, bpoeraphy of ■ 34, S5 

Florida pboaphate flelda, leolocy of Z3-31 

Florida, phoaphateliidiutr? of 21-68 

Florida pboepbate, ililpmenta of, from IgeR to 1802 n 

Florib pho«ptaate. ililpineDta of. throagh United StAtes oastoni-lioiues. foe the yean 1891 

■odlWS te 

Florida pboiiphatea, mmpariion of the wren) kinds of (17 

Florida phft«phatea, relative enlli OR price in London of varloas ^..^..,. 68 

Florida railmd*. etc,. MplUI Inveeud in. for the aoooomodation of tlie phoaphste trade 63, 6B 

Foreign eoDDtriea, analTMs of phosphate* tma M 

Fi»»i& and petrifactions 76.77 

a. 

Geoenl obaerratlona on the phosphate Indnstry In Flnldft 61MB 

Genenl statistics of th^ phosphate Induitrv ST-137 

Oeographleal position of tb* Florida njinepnate belt 61-34 

Geokwlcul vtondsr, Tate's shaft wmsldered a 65,86 

Geology of the phosphate nelds of Florida £3-31 

neolozyoftliephaepbalefleldaor Sooth Carolina 71-77 

Gniina. acreage of varioas. in the United States 16 

Grains, qoantilyofash or mineral matter in a cn^ of, In the United States IS 

Graiua, qointHy ofphoaphoricacid In a crop of. In tlio United States 16 

Gravel screenings uhosphate. description of?.,, .^..^.,..,.. 50,51 

Great Britain, method of selling phosphate In SB 

Gnano, Introdootion of. fiom Pera 12 

H. 

Hard tock and pebble photphate belts in Florida. evmpantHve merit* of M 

Bard rock pboaphate, description of the mineral and it* mining 43-90 

Hard ruuk phosphate of Florida, analyaesof. 46-48 

Hat. quantity of asb and pboiphorio add in 16 

Historic or recent geological aaa 74,76 

Hoorq of Isbar of employes Inland minea, by oceapalinns- ^ 120-16J 

Boors erf labor of employ^ in river mines, by oocapations,,. - ----- 136,137 

I. 

Imports of t^Ttlllitng materiala dnriog the yeiu' ending June 30, lf*9: 106 

Inciwuie. nlatlTc, in the shipments of Sooth CwoUna phoapliste by flve-year and ten-year 

periods 106 

Insuronoe, oost of in one ton of 3,240 mnnds— land mine* U4,]26 

Insuranoe. oost of, in one Ion of 2,240 poonds— river mines 1D5 

Inennnoe, cost of— Isnd mines 1!2,1J3 

Insurance, eoet of— river mines 1B5 

Interest, ooat o£ in one ton of 2.240 ponnds—Und minee ]3<,lt6 

Interest, cost or Inane tonof 2,240 pounds— river mloM 136 

Intereel, ooatof— land mloee 122,128 

Interest, oost of— river mines -- 135 

I- 

Labor, ooat of In one ton of 2.240 pounds— landmines UB.IIS 

Labor, coat of. in one ton of 2.240 pound*— river mines 134 

Labor, castor— Und mines 116,117 

Labor, oost of— river mloei 13S 

LabOT expense in phosphate mining In the Unlt«d State*— saiumary SI 

Labor, boon of, of Mnplayie in land mines, by occupations 126-131 

Labor, lioorsof. of employes in river mines, by oeoupations 136, 137 

Labor oppDrtnnitie* In the pliosphat« Indnetr; 106-103 

Labor, percent, ooetof, in one ton of 2,210 pounds— land mines 120. 121 

Labor, per cent, oost of, In on* ton of 2.240 pounds— river minea 134 

Laminated hard rock nhasphate, description of 42,43 

Lasd and river rock pliosphste. description of SB 

Laild mines, area controlled for mining purposes in 112,113 

Land mines, average dally rates of wages irf employtstn, by oocnpntions 126-131 

J,and minea, averagedepth of deposits fkom sutfaoe In 112,118 

Landmine*, average numbec of emplo;6s in, by occupations UC-lSl 



;-,i:j<j!fi^G00l^lC 



a, irenntfaicknmofileposltln 113,113 

•.cupHiilli ■■ 



13, lis 

111. lis 



LuilmLnu, uitor Intunnea to ona ton of 3^340 poanda In 114. 12t 

LBiidinln»,GMtoflnIemtlii 132, m 

I.diHlmlDM,eo«t of interact in one ton of 3,340 poaudi In UI.JB 

Laud minw, eo*( of tabor Ju lie, 117 

LandmliHa,«iiitonabarinDiK-' •""'" '- '- 

Land mlnaa, coat of prodncIloD 

Lona nilDU, coat of roraltv to —u.... ... ....d coii <» i^jiii^ 

Landmlne^coatofTOTalty to ownerauf the lolliiFeDe ton 0^3,340 poanda In 134,13S 

-idmlDeihcnatofanperlDtenileniHaiidcleric-jdlBborlD 110,117 

idmlnea, ooatoftupeilDlaoiIeDcaBnd clsrlol Ubor is ona ton of 2,340 pooudt In 118, 119 

Id nlHaa. coat of anpplieaud repairs In IJMIT 

id nilUM, coat of aupplisa and npalia in on* ton of 3,340 poutidi tm 118,110 

.-idmtn(s,oo«toruiealn 1H,117 

AndnlHa,coit*ftsxeain<nia tanaf3,340ponndaln 118, lit 

"- ' -nliMa, coat of tbeontloBi alementa of prodootlon in 122,1^3 

iiine*.o0atof UwoietlotJelenitiitaofpToduGttoBtnanaton of 2,240 pounda In. 134.139 

___aiBea,caataftraBaportatioBtoplacaofbBedoIlvwr In 133, ]23 

ja>dnln«s,oo*toftnup<irtMion to pUca of ft«e delivarj In one ton ot 3,340 ponuda in 134.12fi 

■and nlnea, diatanea, waana, and ooat of tranaportatlon In 114, 115 

.iuidinlDea,liDaiaotlBborDf ainplajiaIn,byac(Hipatlona IIS-lJl 

.and ndnea, pu sent. Mat of labor In one too of 3,240 pounda In 130,131 

-Mid mine*, per cent ooat of lupsrintendaDae and i^larieal labor In one ton of 3.340 pounda In. 120,131 

Land mlnaa, per oent. coat of anppllea and repairs In one Ion of 2,at<l]>onnda In 130,121 

:andinlMs,percaDt.coaloftaiealnoneI<tnDf 3,3tOpoandein- 120,121 

Land mines, per cant of bone pboaplinle In 110. 11 1 

Land mlnaa, quantity and Talaa of pboephata mined at. ...w.,,.. ^ 110,111 

LBndmiBea,qaan(ityaf phoaphateablpped from 110.111 



Land miBloB of phoapbate in South Carolina 
Land pebble pbMpbMa, analyaoa of. . ■ 
Land w^"' -k..^i...«r j.»»^.*t«. ^ 

^- ■- ■ -Blriiln 

aklnff phoaphaJe o 

leroT^orthC 

Location of phoapbate Induitrf . . 



[Jiud pebble idiaaphata, deacrlptlon of. 

Land pabbie plioapbato mine, n^y mnninK axponaea nf t 
Lav anthorldng fiboapbale inlnlng In the uarfi^ble wati 



](aobtneTTnaed,klndi of photpbate, el 
Xacblnery ued, kinds of phosphate, el 
Meana and ooat of traiiBportiitlaa, nltb 
Meant and coat of Iranaportatlon, with 
Method of aelling phoaphate in foreign marke 



Mineral matter or aah, pet cent. of. In certaio agrlcaltnral proiInc 
Mlueral matter or aih, ouantllv of. lu a crop ofcareala lu the Un 
Mining pboaphalea in the navigaUe wsten of Florida, law aotbi 



North Caiollna pltoaphate deposlti, lo 



impaiBUvemerlta of 



Pebble, land, phoepbate mine. dL._„ _ _ 

Pebble, riTer. pbosphate, aoalysea of oo 

Pebble, river, phoephat*. doecrlption of. n.-8S 

Pebble. rlTer, phoaphate mine, (falij ' ' - " 

~ jeofbonophor-'--'-'-"- 



Fercentage of bone phoaphate in 

Percentage of bone phoaphate In rl 



jaandfosaiTa 78,77 

PiKiaphat* baainaof the AaUtry. age of 74 

Phosphate bait, I'lorldo, geographical poaltlon of 31-34 

Phoaphate belt, Florida, topogniphy i^. 84,35 

Phoapbata, oompoalto, analjaeaof 65 

Pbaaphnte, compoalte. description of. &t.G5 

PboepliateconeiiniptJonoftbeworldduring 1891 (including ITnie«d8Utea) 101 

Phoaphate oonaumption of the world during 18V1 (not Inoladlng United Stales) 101 



P«ge. 

Fhoaphst«,cwitof prodncHoiiot, Id noriiU— anmniBT; ■ S2,S( 

FbosiihiiW,009tarpioi)iietlanaf,liiNDrtbCuDllii*-summBry M 

rhnfiphntn. nnnt trf pmilTirtlTtii nf In fti-nth '^nrtllnri imnmrirr ; 13, es 

Fhospliato, «n( of piodaetloD of. In (h« DDlMd SUtea 1>2-M 

Fhaspl>ate.iM)a(arproiltioUaBi>CliithsUnlIsdStatai,180D-lBS£-luidniinM 110-131 

FbMphitc.iM»tDrpi»dnctkioot,iBtlienDlt«d 6UU«, IBao-lgVS^ilver mluei 1S2-137 

FbcmpbaM depnilU or FloHdit ud Soath Cuolliu. f&TonblB lonllon of. 10 

Fbospb(it«depo»lt«iif NoithCuoUna, lontiini lud Dlunijt« of 12 

FhosphaMfldda of Florida, iMlagy of. 2S-31 

FhoapbfttoAddt of South Carolina, j«alof7 of. 7t-Tl 

pbotpbate fonnatlans. all fbund In TaU> abaft— a gaologlcal wondor 65,60 

Fhoapbate. paral anreeaingi, deserlption of M.Sl 

Plioaphsto, hard n)clc.anal)»M of Florida «-48 

Fboephate, hard nek. description of 42-50 

Pbo«phBt«inFlortd»,dl8Coveryof SS-M 

Phoapbate in ■ight in Flurida, eatimatod amoDiit of 10-42 



Fhoapbats In Soutli Carolina. dlacoTOTT of. ! T7-S2 

Plioaphaletndo»try,cDniniorclalH»i>Mtof. .« .— 

Pboapbate indnaU;, eeneral alaliatica of . . 

Fhoaphale iudnoliT, location of 

PhoapliBteindoatiy of Florida n-«» 



Pboapbate indnatry, peneral alaliatica of 87-137 



Pboapbat* indiutrj of Florida, ganoral oinerraMona <ai. . ^ _ _ __ __ 

Fhoapbat« indastiy of Boutb Carol! aa Tl-M 

Pboapbate Indnatr; ot i^ath CDrolfoa and Florida, oonaldaratioa of 11 

Pboapbate Indnat^ sf Sentb Carolina, giovth of. 

FboaphMe indoatry, opportanltles ftvlaliarln lOt-lOS 

Fhoapbale, klnda in, mabhluerr naod, etc., In Florida 43-W 

Fboaphate, ktnda of; niiohlnery iiaed,«to., in South Carolina 83-85 

Fhoapbate.IaDiiiut*dhanlrooli,dea«rfptiouof ti,4a 

PbuBphal«,lBadandriT«rn>eit,des«riptli»of 83 

Pboapliata, laud pebble, analjaa of BO. 01 

Ftuupbate, land »bl>le, deecriptioB of M-61 

Pboapiiate landi m Fi«ida. acreage of. 41 

Pboapbate mined In the UniMd SUtea. conenmptlon of, aa Indicated b; abipmenta during 1B81 . 101 

Phoephata ninediqaaDtlt; and value of, atUudmlnet 110,111 

Pboapbate mined, anantity and value of, atriverminea 132 

Pboapbate mininc in the navigatile Hater* of FloridiL lav anthorlains (extract) 87 

Pboapbate mining In the United Statee, aotumary talue abowing qnanuty mined, value at mine, 
quantity abipped, ai«a controlled for mining purpoaea, capital inveatad, exppnaca for labor, 

and number and waceaof amployia in Dl 

Phoaphaie, natlTe. analyaca of vaHoaa typea of 28-31 



Pboapbate, plate reek, deacrlptlon of El-5t 

Pboapbate prieee (aTerage) In the EngHab market 102 

Pboaphatepriceainthe^n^abmirEet from 1882 to 18S1 102 

Phoephateprodnctionoftbenoridfdr 1891 (including United Slatea) 102 

Pboepbate prodnctloD of tbe world For 18S1 (not including Dnlted Statea) 101 
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Pboaphate, abipmente andcnnaumptlon of South Carolina, (torn 1867 to 1892 07 
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Pboapbate shlninentg Id 1801 and IHM, qnantlnandvalDeaf. 104 
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Phuspbate •hiiipcd fKnn river mines, qnantily of. 132 
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Phosphate, aoft, description of t£-5g 

Pboapbate, aoft, sold for eonanmption in Florida In 13M, )g«i, and 1892, quantityand valne of. ' SS 
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Sooth Carolina, dCMiipiicin itf' rlrw nuning of phoaphatc in M,85 

Sonth Carolina, diaoovery of phoaphate in i» « 
SoDth Carolina, gr — "- -' -"- — "-■- '— " - 
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